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ABSTRACT

This report presents the findings from a fish passage survey conducted on
various types of highway culverts. The survey includes 39 cuiverts located
throughout the state of Oregon. To simplify the findings, the report places
the 39 Oregon culverts into four categories: (1) pipes and pipe-arches with
no special provisions for fish passage, (2} pipes and pipe-arches with special
provisions for fish passage, (3) pipes and pipe-arches with natural stream
beds, and (4) arches. Based upon the survey, the report concludes that
culverts with natural stream bed surfaces provide the best facilities for
passing fish. The report, ailso, presents procedures and criteria for
designing and installing highway culverts that must pass fish, From the
presented survey findings and the recommended design and installation methods
contained in the report, the reader should, therefore, be able to resolve most
problems associated with designing and installing highway culverts to pass
fish.
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LIST OF SYMBOLS AND DIMENSIONS

Two year flood, in cubic feet per second (cfs)
Fifty year flood, in cubic feet per second {cfs)
Natural channel velocity, in feet per second (fps}
Culvert barrel velocity, in feet per second (fps)
Headwater at culvert inlet, in feet (ft)

Rise of culvert, in feet (ft)

Manning's roughness value for the natural channel
Manning's roughness value for the culvert barrel
Stream channel slope, in feet per foot {ft/ft)

Particle size from gradation curve such that 50 percent of the
mixture is finer by weight, in feet (ft)

Pipe diameter or rise, in feet (ft)

Culvert inlet loss coefficient

Energy head for culvert flowing full, in feet {ft}

Critical depth, in feet (ft)

Culvert tailwater, in feet (ft)

Height of hydraulic grade 1ihe above outlet invert, in feet (ft)
Culvert barrel length, in feet {ft)

Culvert barrel slope, in feet (ft)

Culvert outlet velocity, in feet per second (fps)

Width of culvert outlet, in feet (ft) |

Flow area at the culvert outlet, in square feet (ft2), or culvert
drainage area in square miles

Equivalent depth at the culvert outlet, in feet (ft})

Froude number
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Scour depth at culvert outlet, in feet (ft)

Mean annual precipitation, in inches

Percent of basin forest

Precipitation intensity, in inches

Area of lakes and ponds, in percent

Mean basin January minimum temperature, in degrees

Length of channel, in miles



INTRODUCTION

In the autumn of 1987, the Western Federal Lands Highway Division (WFLHD)
conducted a fish passage study of 39 stream culverts located in the state of
Oregon,  WFLHD had two primary goals in conducting the fish passage study.
The first goal was to determine which type of culvert facilities provided the
best fish passage. The second goal was to determine if current design
practices would have identified these same culverts as providing the best fish

passage facilities.

To meet these goals, WFLHD surveyed each site with a level and transit for
topographic data, obtained stream bed gradations at each site, and obtained
photographs of each <culvert and its adjacent stream environment.
Concurrently, WFLHD sent questionnaires to Oregon Department of Fish and
Wildlife (ODFW) personnel requesting them to evaluate the importance and
capability of each culvert to pass fish. Once WFLHD obtained the field data
and received the completed ODFW questicnnaires, they performed a hydrologic
and hydraulic analysis of each site using WFLHD culvert design procedures.,
From the WFLHD field data, the ODFW questionnaires, and the WFLHD culvert
design analysis, WFLHD determined which culvert installations provided the

best conditions for fish passage.

This report presents the detailed findings from the WFLHD study. In the
process of presenting the findings, the report also provides an approach for
designing culverts to pass fish. Hopefully, the presented findings and design
procedures will resolve some of the current disagreements and problems

associated with providing fish passage at stream culverts,



EVALUATION PROCEDURES

As stated above, the study consisted of a WFLHD field survey, the ODFW

questionnaires, and a WFLHD design analysis of the culvert's fish passage

capability. For their study, WFLHD placed the existing culverts into four

classes of fish passage facilities. The four classes included the following:

Pipes and pipe-arches with no special provisions for fish passage.

Pipes and pipe-arches with special provisions for fish passage. The

special provisions primarily include baffles and fish ladder systems.

Pipes and pipe-arches with natural stream beds. This culvert type
includes pipes and pipe-arches with their inverts set below the natural
stream bed slope. Normally, the installer of the culvert will cover the
invert with native stream bed material. Thus, the culvert will have a

natural stream bed throughout its length.

Arches, The arch culvert typically consists of a half section of pipe
with concrete or metal footings for foundation support. Since the
footing system allows the culvert to span the stream channel width, the
culvert will have a natural stream bed throughout its length like the

cuiverts just described in Class 3.

Examples of these four classes are illustrated in Figure 1.
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WFLHD contacted each of the 23 ODFW District Fishery Biologists for a list of
culverts that fit the above classes. However, WFLHD emphasized the culverts

with a natural stream bed as the primary target of its study.

From the responses of the ODFW District Fishery Biologists, WFLHD targeted
65 culverts for the survey. Due to funding and time constraints, WFLHD
reduced the number of culverts for their study to 48, After completing the
field survey of the 48 culverts, WFLHD sent about 40 questionnaires to the
respective fishery biologists for an evaluation of each culvert's passage

capability.

Based upon the WFLHD data and the ODFW questionnaires, WFLHD compiled a final
list of stream culverts for fish passage analysis. The Tist included
six culverts with no special features for fish passage, six culverts with
special features for fish passage, nine pipe and pipe-arches with natural
stream beds, and 18 open bottom arches. Thus, the final 1ist included a total
of 39 stream culverts. Figure 2 shows the approximate locations of these

39 culverts.

For the 39 culverts, WFLHD collected field data that included the natural
stream cross sections, the culvert dimensions and cross sections, the culvert
types, and the types and dimensions of special features such as baffles and
fish ladders. WFLHD also collected data on the locations and dimensions of
culvert outlet scour and the locations and dimensions of any natural or
manmade appurtenances such as Tlog jams, adjacent culverts, and adjacent
streams that may influence fish passage at the culvert site. Finally, they

collected data on the gradation of the stream bed material and took
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representative photographs of the culvert and its surrounding stream
environment. Appendix A contains the checklist for obtaining the WFHLD survey

data.

QDFW Criteria

To complement the WFLHD field data, the ODFW District Fishery Biologists rated
each selected culvert site for its respective fish passage capabilities.
WFLHD asked the ODFW personnel to provide the following information for each

culvert site:

1. Type and condition of species., For example, many of the culvert
locations support coho salmon, winter steelhead, and resident trout.
Also, some of the culvert locations were important to the development of

juvenile fish as well as the passage of adult fish.

2. Importance of installation to subject species. The ODFW personnel rated
each location as either critical, moderate, or noncritical to the local

or migratory fishery.

3. Evaluation of installation. The ODFW personnel rated each location as

either good, fair, or poor in its capability to pass fish.

In addition, the ODFW provided comments related to specific aspects of the
culvert (i.e., "large drop at the outlet is an obstruction to upstream
migration").  Appendix B contains the forms with the completed ODFW

evaluations.



WFLHD Criteria

Using the field survey and the ODFW information, WFLHD analyzed and rated each
culvert for its overall physical condition and its compatibility with the
local stream environment. WFLHD used seven criteria. These criteria include
the culvert condition, the culvert capacity, type of culvert foundation,
condition of foundation, outlet scour, culvert stream bed surface, and the
culvert hydraulics versus natural stream hydraulics., The culvert evaluation

criteria were treated as follows:

1. Culvert condition. Based upon their field observations, WFLHD rated the
overall physical condition of the culvert as either good, fair, or poor.
If the culvert did not exhibit signs of roadway overtopping, foundation
scour, barrel buckling, inlet or outlet damage, or any other defects that
would make the culvert unserviceable, then they rated the culvert as
good. If the culvert exhibited one of these defects, then they rated the
culvert as fajr. If the culvert exhibited more than one defect or if one
defect was so severe ihat the culvert was highly susceptible to failure
(i.e., excessive foundation scour), then they rated the culvert as poor.
In general, this rating shows the culvert's ability to service the

transportation system it serves.

2. Culvert capacity. Using the 50-year flood frequency, WFLHD determined
the inlet headwater to pipe diameter ratio for each culvert. If the
culvert was not circular, then they substituted the culvert rise for the
pipe diameter. If the HW/R ratio was less than or equal to 1.0, they

rated the culvert as good. If the HW/R ratio was greater than 1.0 but
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less than or equal to 1.5, they rated the culvert as fair. For ratios
greater than 1.5, they rated the culvert as poor. In general, this
rating shows the chance of roadway overtopping during a major flood
event, This rating also indirectly shows the constriction of the culvert
upon the natural stream flow (i.e., HW/R ratio greater than 1.0). If a
culvert constricts the natural channel too much, it may induce high inlet

velocities that impede the passage of fish.

Type of culvert foundation. Footings or surrounding materials in the
form of a closed loop (i.e., ring compression) normally support the
culvert, WFLHD found the culverts in the study to be either "open" or
“closed." They further found that either concrete or metal footings
supported the open or arch culverts, They used this information in the

evaluation of the other c¢riteria.

Condition of foundation. Based upon their field observations, WFLHD
rated the condition of the culvert foundation as good, fair, or poor.
For a closed culvert, they rated the culvert as good if there was Tittle
evidence or chance that the culvert would settle or collapse. In this
case, the culvert had good foundation materials and the adjacent stream
flow was not Jikely to remove these materials., For an arch or open
culvert, if nonerosive material sﬁpported the footings (i.e., bedrock),
then they rated the cuivert foundation as good. If the installer located
the footings a reasonable distance below the expected scour depth, then

they also rated the culvert foundation as good.



For both the closed and open culverts, WFLHD rated the foundations as
fair if there was a chance of foundation failure during a major flood
event or the culvert already exhibited slight signs of foundation
failure. If the culvert foundation had already exhibited significant
settlement, then they rated the foundation as poor. Also, if the
footings exhibited either signs of undermining due to stream flow or were
highly susceptible to scour failure during a minor to major flood event,
then they rated the foundation as poor. In general, if they rated the
culvert foundation as poor, this could significantly lower the rating of

the culvert's overall condition.

OQutiet scour. Based upon their field observations, WFLHD rated the
culvert outlet scour condition as either severe, moderate, or
negligible. If the scour depth was 1.5 feet or greater, they rated the
outlet scour as severe. If the scour depth was less than 1.5 feet but
greater than 0,5 feet, they rated the culvert outlet scour as moderate.
If the scour depth was less than or equal to 0.5 feet, they rated the
culvert outlet scour as negligible. WFLHD measured the scour depth at
the culvert locations during low flow periods. Therefore, the actual

outlet scour depths during flood events is probably much greater,

In general, this criteria shows whether or not a significant difference
in elevation will develop between the culvert end and the natural stream
bed located just downstream., The reader should not confuse this item
with natural Towering of the stream bed over time and space (i.e.,

degradation). Nor should the reader confuse this item with the scour of

«10-



natural stream bed materials that may occur within the culvert barrel due

to flood events.

6. Culvert stream bed surface. The stream bed surface at a culvert normally
consists of the culvert barrel material (i.e., metal or concrete) or
natural stream bed materials. The term natural stream bed materials
includes materials native to the area or any other materials that would
provide flow or sediment characteristics native to the area (i.e., clays,
silts, sands, gravel, cobbles, boulders), This item is important for
determining the barrel velocities and the scour potential within the
culvert area. In general, a natural stream bed surface should generate
hydraulic and sedimentation conditions compatible with the natural stream

environment.

7. Culvert hydraulics versus natural stream hydraulics. Using the 2-year
flood and the 50-year flood, WFLHD computed the culvert barrel depths and
velocities and the npatural stream depths and velocities. If the barrel
velocities did not exceed the natural stream velocities by more than
50 percent, they rated the culvert as being compatible. Otherwise, they
rated the culvert as incompatible with the natural stream environment.
In addition to the velocity criteria, they also subjectively considered
the constriction of the culvert barrel and the culvert outlet scour in

the compatibility rating.

Finally, WFLHD provided general comments related to specific aspects of the

culvert installation (i.e., "the short culvert length permits fish to pass

-11-



upstream through the barrel despite high velocities"). These comments are

jncluded in Appendix B.

Design Analysis

To complete the final portion of the study, WFLHD used their design procedures

for analyzing the hydrologic and hydraulic characteristics of each culvert.

The following 1is a brief outline of the main steps in their analytical

approach:

WFLHD determined the 2-year and b50-year flood values for each of the
culvert sites. WFLHD typically uses the 2-year flood for checking the
fish passage characteristics of the culvert, For the culvert's
serviceability to the transportation system, they normally use the
B0~-year flood to check for roadway overtopping and inlet and outlet
erosion, Since they found only one culvert site located near a gaging
station, WFLHD used USGS regression equations to determine the flood
peaks for each culvert (1)}(2}. Appendix C contains the hydrologic inputs
and the computed values for the 2-, 5-, 10-, 25-, 50-, and 100-year flood

for each culvert.

Using the computed flood values and the topographic data obtained from
the field survey, WFLHD computed the depth and velocity values for a
typical channel section at each culvert location. For the hydraulic
analysis, they used Manning's equation for uniform flow to determine the

depth and velocity values (3). Specifically, they used three primary

-12-



inputs: first, a trapezoidal section to define the irregular stream
cross section; second, an energy slope based upon the average stream bed
slope within the vicinity of the culvert; and third, a roughness value

based upon the local stream bed materials (3).

Appendix D contains the hydraulic inputs and the computed depths and
velocities for the 2- and 50-year flood for each culvert. For
informational purposes, Appendix D also contains the computed stream bed
shear stress and the computed particle diameter that the stream can
transport. For both of these values, WFLHD used the tractive force and

permissible shear stress methods (3){(4).

Once WFLHD determined the natural stream hydraulics for each culvert
location, they analyzed the hydraulics of each culvert. WFLHD
specifically computed the culvert headwater to pipe rise ratio, the
culvert barrel velocity, and the culvert outlet velocity. They derived
these output values using the typical culvert cross-section area, the
culvert bed roughness, the culvert inlet configuration, the culvert bed

slope, and downstream influences (i.e., log barriers, adjacent streams).

WFLHD computed the headwater to pipe rise ratio and the culvert outlet
velocity using standard culvert design methods (i.e., inlet control,
outlet control). FHWA publication "Hydraulic Design Series No. 5"
contains the appropriate design methods (5). For the culvert barrel
velocity, WFLHD normally computed this value using the same Manning's
equation described above under Item 2. Of course, they substituted the

culvert cross section, the culvert slope, and the culvert bed

-13-



roughness for the natural stream characteristics, Appendix E contains
the culvert design sheets for each location. These sheets contain the

above input and output values for the 2-year and 50-year floods.

After they completed the cuivert hydraulics, WFLHD computed the outlet
scour using the methods contained in FHWA publication ‘“Hydraulic
Engineering Circular No. 14" (6)., The circular presents a method in
chapter V for computing the outlet scour for clay size to fine gravel
sized particles. Appendix F contains the stream bed gradations for each
culvert site included in the WFLHD study. Appendix F shows the stream
bed gradations to range from fine gravel to coarse gravel. For this
reason, WFLHD used the method contained in chapter XI of Circular No. 14
to compute the outlet scour. They used this information to determine
whether or not the field survey should have shown scour at the culvert

outlet.

Appendix G contains the input values and the corresponding computed scour
depths for the 2-year and 50-year floods. Although WFLHD used both
methods from Circular No. 14 to check for outlet scour, Appendix G
contains only the results from the method presented in chapter XI.
Specificaliy, WFLHD input the design discharge, the culvert outlet
velocity, the culvert width, the stream bed particle size, and the

tailwater depth at the culvert outlet. For the stream bed particle size,

-14-



they normally used the particle size of the gradation of such that
50 percent of the mixture is finer by weight., For the tailwater depth,
they normally used the computed downstream channel depth from Manning's
equation unless field conditions indicated other downstream controls

{i.e., 1og weirs, flood waters from adjacent streams).

Finally, WFLHD compared stream channel velocities, culvert barrel
velocities, and the stream bed material gradations to the wmaximum
permissible velocities that will not cause erosion of the channel body.
For their study, WFLHD used the Fortier and Scobey maximum permissible
velocity values {3). They used this information primarily for rating the
foundation condition of arches. For example, if the culvert footings
were only 1 to 2 feet below the stream bed and the culvert velocities
exceeded the maximum permissibie velocities, then they rated the
foundation condition lower than otherwise. However, they did not compute
scour depths within the culvert because of insufficient information on
the sediment transporting capability of each stream. Therefore, WFLHD
used this parameter as a guide in their subjective evaluation of the

foundation condition of arches.
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RESULTS

Tables 1, 2, 3, and 4 summarize the WFLHD and ODFW evaluations for the fish
passage study. Tables 5, 6, 7, and 8 summarize the primary hydraulic
parameters used in the WFLHD evaluations. Based upon a review of these

tables, WFLHD presents the following summary of the results:

1. ODFW personnel rated the arch as a good facility for passing fish
{Table 1). ODFW personnel generally rated the pipes and pipe-arches with
natural stream beds as good for fish passage (Table 2). The ODFW
evaluators gave poor or fair ratings to the pipe and pipe-arches with
special passage features (Table 3), while they gave mixed ratings to the

pipes and pipe-arches with no special features (Table 4).

2. WFLHD personnel generally gave good ratings for the overall physical
condition, the culvert capacity, and the foundation condition to pipes
and pipe-arches with and without special features. WFLHD personnel also
gave good ratings to pipes and pipe-arches with natural stream beds for
the same criteria. While they gave fair or good ratings for the
hydraulic capacity of arches, the WFLHD personnel gave poor or fair

ratings for the arches' overall physical and foundation conditions.,

3. WFLHD personnel generally rated outlet scour as negligible for arches and
culverts with natural stream beds. Conversely, their ratings on outlet
scour ranged from negligible to severe for culverts with and without

special features.
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TABLE 1.

SUMMARY OF EVALUATIONS FOR ARCHES

SPAN  RISE OYERALL CULYERT FOUNDATION OUTLET HYORAULIC PASSAGE
STREAM NAME REF, N0 FT FT CONDITION  CAPACITY  CONDITIOM SCOUR COMPATIBILITY CAPABILITY
Cool Creek i-C 14.7 S.5 Poor Fair Fair Negligible Compatible Good
Lost Creek 1-0 18.2 5.6 Fair Good Poor Negtigible Compatibie Good
Little Looking
Glass Creek 14-8 17.6 8.0 Fair Good Poor Negligible Incompatible Good
Devil's Run
Creek 0-6 10.2 4.5 Falr Good Poor Negligible Compatible Goed
Gumboot Creek D-§ 15.0 8.5 Fair Good Poor Negligible Compatibie Good
Elk Creek 16-D 13.9 6.1 Fair Good Poor Negligible Compatible Goad
Chesnimus Creek 15-F 11.0 5.7 Fair Fair Poor Negligible Compatible Good
Crow Creek 15-F 12.8 5.0 Good Poor Good Negligible Compatible Good
Ruby Creek 12-D 8.0 4,0 Good Fair Fair Hegligible Compatible Good
Big Creek 12-£ 12.0 7.0 Poor Fair Poor Moderate Compatible Good
Indian Creek 12-F 12.0 7.0 Poor Fair Poor Moderate Compatible Good
Granite Creek 12-6 12.8 5.3  Fair. Good Poor Negligibhle Compatible Good
Granite Creek 12-H 13.1 6.8 Falr Good Foor Negligible Compatible Good
Granite Creek 12-1 13.2 6.9 Poor Good Poor Negligible Compatible Good
Marks Creek 11~A 18.0 8.8 Good Good Fair Negligible Lompatible Good
Lowe Creek 2=-A 21.7 11,7  Fair Good Poor Moderate Compatible Good
Haight Creek I-A 18.2 8.9 Fair Good Fair Negligible Compatible Good
Eames Creek 7-B 13.8 6.9 Fair Fair Fair Negligible Compatible Good

TABLE 2. SUMMARY OF EVALUATIONS FOR PIPES AND PIPE-ARCHES WITH NATURAL STREAM BEDS

SPAN  RISE OVERALL CULYERT FOUNDATION BUTLET HYDRAULIC PASSAGE
STREAM HNAME REF. N0 FT FT CONDITION  CAPACITY  CONDITION SCOUR COMPATIBILITY CAPABILITY
Newell Creek 1-B 14,0 Good Good Good Negligible Compatible Good
Meacham Creek 13-A 2.8 140 Good Good Good Negligible  Compatible Fair
Meacham Creek 13-8 15.0 Good Good Good hegligible Compatible Fair
Meacham Creek 13-C 14.0 15,0 Good Good Good Negligible Compatible Fair
Meacham Creek 13-D 20.0 20.0 Good Good Good Negligitle Compatible Goed
Middle Fork of
Canyon Creek 12-8 13.5 8.5 Good Good Good - Negligible Compatible Good
Canyon Creek 12-C 10,0 Fajr Good Good Hegligible Compatible Good
Sunflower Creek 12-J 17.3  10.0 Good Good Good Negligible Compatible Good
Brown's Creek 1G-A 12.6 9.4 Good Good Good Negligible Compatible Good
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TABLE 3.

SUMMARY OF EVALUATIONS FOR PIPES AND PIPE-ARCHES WITH SPECIAL FEATURES

SPAN  RISE OVERALL CULVERT FOUNDATION OUTLET HYDRAULIC PASSAGE
STREAM NAME REF. NO FT FT CONDITION  CAPACITY  COWDITION SCOUR COMPATIBILITY CAPABILITY
Mt. Scott
Creek 1-A 10.0 8.0 Good Good Good Severe Incompatible  Poor
Mottet Creek 14-A 5.8 7.0 Good Fair Good Negligible Incompatible Fair
Billy Creek £-3 6.3 5.0 Good Good Good Negligible Incompatibie Fair-Poor
Camp Creek B-2 8.0 Fair Poor Good Severe Compatible Fair
Doe Creek c-4 7.7 5.4 Good Good Good Negligible Incompatible Fair-Poor
Poop Creek 2-8 4.0 Gooed Good Good Moderate Incompatible  Fair

TABLE 4. SUMMARY OF EVALUATIONS FOR PIPES AND PIPE-ARCHES WITH NO SPECIAL FEATURES

SPAN  RISE OVERALL CULVERT FOUNDATION OUTLET HYDRAULIC PASSAGE
STREAM NAME REF. NO FT FT CONDITION CAPACITY  CORDITION SCOUR COMPATIBILITY CAPABILITY
Polallie Creek (-7 12.7  7.25 Good Fair Good Moderate Incompatibie  Good
Tamarack Gulch  15-A 6,0 3.9 Good Good Good Negligible Incompatible Good
South Fork
Chesnimus Creek 15-B 6.7 Good Good Good Moderate Incompatible Fair
Sheep Creek 13-E 7.0 Good Good Good Negligible Incompatible Poor
Canyon Creek 12-A 12.6 8.1 Good Fair Good Severe Incompatible Fair
Pine Creek 3-A 7.5 Fair Fair Good Severe Incompatible Good
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TABLE 5. SUMMARY OF PRIMARY HYDRAULIC PARAMETERS FOR ARCHES

Q2 {150 Q2 Q50
SPAN RISE Q2 Q50 Q50 ¥ch Vb Ych ¥b S D50 Scour Scour

STREAM NAME REF. ND FT FI_ CFS CFS H4/R FPS FPS V¥b/¥ch FPS  FPS  Vb/Vch Nch Nb  Nch/Nb FT/FT FT_ FT__ FT__
Cool Creek 1-C 14.7 9.5 145 365 1.1 4.3 4.6 1.1 5.5 30 1 .045 .p45 1.0 L0100 17 0.0 0.0
Lost Creek 1-D 18.2 5.6 255 650 0.8 5.3 5.8 1.1 7.0 8.2 1.2 .045 .045 1.0 014 .06 0.0 0.0
Little Looking
Glass Creek 14-8 17.6 8.0 195 560 0.8 3.7 6.0 1.6 4.7 8.0 1.7 .045  ,045 1.0 .016 .08 0.0 6.0
Devil's Run
Creek D-6 10.2 4.5 28 129 0.8 3.3 3.7 11 4.7 5.7 1.2 040 D40 1.0 014 .13 0.0 0.0
Gumboot Creek D-8 15.0 B.5 142 444 0.6 4.4 5.8 1.3 5.9 B.2 1.4 .045 ,D45 1.0 017 .21 0.0 0.0
Elk Creek 15-D 13.9 6.1 71 333 0.8 3.5 3.9 1.3 5.7 6.0 1.1 045 045 1.0 01 17 Q.0 0.0
Chesnimus Creek 15-E 11.0 5.7 91 381 1.3 .5 1.8 0.5 5.0 7.6 1.5 .040 04D 1.0 001 .12 0.0 0.0
Crow Creek 15-F 2.8 5.0 135 603 2.1 5.0 5.4 1.1 7.4 10.2 1.3 .040 ,040 1.0 012 .04 8.0 2.1
Ruby Creek 12-D 8.0 4.0 40 165 1.1 4.5 5.9 1.3 7.2 8.5 1.2 040 040 T.0 .030 .05 0.6 1.8
Big Creek 12-E 12.0 7.0 230 725 1.5 8.3 10.8 1.3 12.7 4.7 1.2 040 040 1.0 044 (19 3.9 7.7
Indian Creek 12-F 12.0 7.0 185 5% 1.2 7.7 9.6 1.2 10.8 3.1 1.2 .040  .040 1.0 .034 .15 2.8 5.8
Granite Creek 12-G 12.8 5.3 75 290 0.8 4.8 4,9 1.0 6.8 7.2 1.1 .040 (040 1.0 12 013 0.0 0.0
Granite Creek 12-H 13.1 6.8 75 290 0.6 4. 4.7 1.1 6.2 7.1 1.1 045,045 1,0 015 .25 0.0 0.0
Granite Creek 12-1 13.2 6.9 95 350 0.5 6.4 6.2 1.0 9.0 9.0 1.0 045  ,045 1.0 022 .17 0.0 1.2
Marks Creek 11-A 18.0 8.8 1i5 600 0.8 3.6 3.0 0.8 5.6 4.8 0.9 040 040 1.0 .003 .06 0.0 0.0
Lowe Creek 2-A 2v.7 11,7 440 1160 0.7 9.7 10.5 1.1 12.1 14,7 1.2 .045 045 1.0 .050 .13 2.8 7.2
Haight Creek 7-A 18.2 8.9 190 440 0.7 3.1 L1 1.0 4.0 3.7 0.9 .040  .035 1.1 002 .06 0.0 0.0
Eames Creek 7-B 13.8 6.9 280 640 1.1 3.9 4.0 1.0 5.0 7.4 1.% -040 035 3.1 L0022 _ _
Averages 155 484 1.0 5.0 5.5 1.1 6.9 8.4 1.2 042 042 1.0 L1713 0.6 1.5



_O Z_.

STREAM NAME

Newell Creek
Meacham Creek
Meacham Creek
Meacham Creek
Meacham Creek
Middle Fork of
Canyon Creek
Canyon Creek
Sunftower Creek
Brown's Creek
Averages

)

JABLE 6. SUMMARY OF PRIMARY HYDRAULIC PARAMETER FOR PIPES AND PIPE-ARCHES WITH NATURAL STREAM BEDS

Q2 Q50 '
SPAN RISE Q2 Q50 Q50 Vch Vb Yeh Wb S D50
REF. NO FT  FT CFS CFS HM/R FPS FPS Vb/Vch FPS  FPS  Vb/Vch Nch  Nb  Nch/Nb FI/FT FT_
1-B 4.0 95 275 0.4 3.6 4.0 1. 5.0 6.0 1.2 .045 .045 1.0 ,010 .0
13-A 2.8 14.0 75 500 0.6 3.8 4.8 1.3 66 7.6 1.2 .045 .045 1.0 .013 .06
13-8 15.0 95 625 0.6 4.3 52 1.2 7.3 80 1.1 .045 .045 1.0 .013 .08
13-C 14.0 150 95 625 0.5 5.1 60 1.2 89 9.4 1.1 .045 .045 1.0 .020 .13
13-D 20,0 20.0 95 625 0.5 4.9 53 1.1 84 87 1.0 .045 .045 1.0 .01 I3
12-8 13.5 8.5 110 35 0.8 4.4 6.2 1.4 59 86 1.5 .045 045 1.0 .02z .05
12-C 0.0 105 345 0.7 5.7 6.5 1.3 81 9.0 1.0 .040 .040 1.0 .018 .09
12-J 17.3 100 135 485 0.6 4.9 7.0 1.4 7.4 10.8 1.5 045 045 1.0 ,037 .21
10-A tz.6 9.4 J00 415 0.8 3.2 42 1.3 47 61 1.3 .040 .035 1.1 .005 .04
101 472 0.6 4.4 55 1.2 69 82 1.2 .04 .043 1.0 017 .09
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Q50
Scour
FT
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STREAM HAME

Mt. Scott Creek
Mottet Creek
BiTly Creek
Camp Creek

Doe Creek

Poop Creek
Averages

STREAM NAME

Polatlie Creek
Tamarack Sulch
South Fork
Chesnimus Creek
Sheep Creek

‘Canyon Creek

Pine Creek
Averages

D50
il

.06
a7
.08
.06

D50

.25
.D2

.06
.25
Q7

TABLE 7. SUMMARY OF PRIMARY HYDRAULIC PARAMETERS FOR PIPES AND PIPE-ARCHES WITH SPECIAL FEATURES
Q2 050
SPAN RISE Q2 Q50 Q50  Vch Vb Ych Vb s
REF. N0 FT_  FT_ CFS CFS M/R FPS FPS Vb/Vch FPS  FPS  Vb/Vch Nch  Nb  Nch/Nb FT/FT
1-A 10.0 80 10 330 0.7 4.7 1.0 2.3 6.6 15.0 2.3 .045 015 3.0 .017
14-a 5.8 7.0 1256 375 1.4 6.7 16.4 2.4 9.0 20.5 2.3 .045 024 1.9 057
c-3 6.3 5.0 45 197 0.8 4.5 8.0 1.8 6.5 11.7 1.8 .040 ,024 1.7  .023
B-2 8.0 153 619 2.0 6.8 84 1.2 0.1 13.8 1.4 .040 .040 1.0  .025
C-4 7.7 5.4 25 116 0.7 3.9 6.5 1.7 6.5 1.0 1.7 .040 .024 1.7  .026
2-B ~ 40 0 3% 0.6 28 80 2.8 4.8 11.5 2.4 .045 .024 1.9 .059
78 279 1.0 4.9 9.7 2.0 7.3 13.9 2,0 .043 025 1.9  .035
TABLE 8. SUMMARY DF PRIMARY HYDRAULIC PARAMETERS FOR PIPES AND PIPE-ARCHES WITH NO SPECIAL FEATURES
Q2 gsa
SPAN RISE Q2 Q50 Q50 Vch Vb Vch Wb 5
REF. N0 FT  FT_ CFS CFS /R FPS FPS Vb/Vch FPS  FPS  Vb/Vch Neh  Nb  Neh/Nb FT/FT FT_
c-7 12.7 7.25 425 1090 1.3 9.2 21,5 2.3 1.6 29.5 2.5 .045 .015 3.0  .043
15-A 6.0 3.9 11 55 0.7 2.9 5.5 1.9 4.7 9.6 2.0 .040 .024 1.7  .033
15-B 6.7 23 107 0.6 3.6 8.0 2.2 5.3 12.5 2.4 .040 .024 1.7  .030
13-E 7.0 20 150 0.7 4.5 9.0 2.0 9.1 16.0 1.8 .050 .024 2.1  .053
12-A 12.6 8.1 215 675 1.2 6.8 1.1 1.6 9.1 15.6 1.7  .045 .024 1.9  .020
3-A 7.5 250 665 1.5 8.0 3.7 1.7 10,2 17.1 1.7 .045 .024 1.9 .02
157 457 1.0 5.9 11.5 2.0 16.7 2.0  .044 023 2.1  .034

Q2
Scour
FT

Scour
FT

13,5
0.9

2.3
1.4
4.3
6.8

4.9

Q50
Scour
FT__

8.0
13.3
0.5
6.6
0.0
4.5

5.5

G350
Scour
FT

22.9
3.3

5.6
8.4
8.1

10.5
9.8



WFLHD personnel rated the hydraulic compatibility of arches and culverts
with natural stream beds as compatible. However, they rated the
hydraulic compatibility of culverts with and without special features as

incompatible.

For the 50-year flood {Q50), Tables 5 through 8 show an average headwater
to rise ratio of 1.0 for all culvert classes except for the pipe and
pipe-arches with natural stream beds. For these culverts, the headwater

to rise ratio is 0.6.

For the 2-year flood (Q2), Tables 5 and 6 show the culverts with natural
stream beds and the arches have culvert barrel velocities that on average
exceed the natural stream channel wvelocity by 10 to 20 percent.
According to Tables 7 and 8, the culvert barrel velocity is twice the
natural stream channel velocity for the culverts with and without special

passage features.

For the 2-year flood, Tables 5 and 6 show the average computed outiet
scour for culverts with natural stream beds and arches as 0.0 foot and
0.6 foot, respectively. According to Tables 7 and 8, the culverts with
and without special features have average computed outlet scours of

4.9 feet and 2.6 feet, respectively.

For the 2-year flood, Tables 5 through 8 show the average stream channel
velocity to be 4.4 feet per second to 5.9 feet per second for the four

culvert classes. For the 50-year flood, the stream channel velocities
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averaged from 6.9 feet per second to 8.3 feet per second. For
comparison, Table 9 and Figure 3 present fish speeds for various species
and stream conditions (10). A comparison of these values to the computed
barrel velocities illustrates that the arches and the culverts with
natural stream beds provide the best fish passage facilities for various

fish species.

For informational purposes, Figures 4 through 8 show the graphical
relationships for several of the above key parameters. Specifically,
Figures 4 through & show the relationship between fish passage capability and
headwater to culvert rise ratio, fish passage capabjlity and culvert barrel
velocity to stream channel velocity ratio, and fish passage capability and
computed outlet scour, respectively. Figure 7 shows the scatter of data for
culvert foundation condition versus fish passage capability. Finally,
Figure 8 shows the relationship between the observed outlet scour and the

computed outlet scour.

Using simple linear regression analysis, Figures 5 and 8 show the strongest
statistical relationships occur between fish passage vratings and the
barrel/channel velocity ratio and between the observed oﬁt]et scour ratings
and the computed outlet scour. Conversely, Figure 4 shows 1ittle or no
relationship between the fish passage ratings and the headwater to rise ratio,
while Figure 6 shows a weak relationship between the computed outiet scour and

the fish passage capability of the culvert.

=23~



TABLE 9,
Fish Speeds of Average Size Adult Salmon and Steelhead Trout, Bell (1973},

Fish Speed {fps)

Specie sustained” ProTongedb Burst

Steelhead 0-4.6 4,6-13.7 13.7-26.5

Chinook 0-3.4 3.4-10.8 10.8-22.4

Coho 0-3.4 3.4-10.6 10.6-21.5

Sockeye 0-3.2 3.2-10,2 10.2-20.6

Pink & Chum?® 0-2.6 2.6-7.7 7.7-15.0
3 Pink and Chum salmon values estimated from leap heights of 3 to 4 feet at
. waterfalls.

Called cruising and sustained, respectively, in Bell (1973}).
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FIGURE 3. Swimming performance of salmon and trout from Evans and Johnston
{(1980). Curve developed by Ziemer, State of Alaska, Department of
Fish and Game.
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CONCLUSTONS

Based upon the information in the tables and appendices, the arches and the
pipe and pipe-arches with natural stream beds are the best fish passage
culverts, Also, the tables and appendices show that the WFLHD design analysis
provides a good approach for rating the fish passage capabilities of the
culverts. For example, the WFLHD analysis shows that the arches and culverts
with natural stream beds should have barrel velocities comparable to the
natural stream velocities. Furthermore, the analysis shows that outliet scour
for these culverts should not be a problem. Since unnaturally high barrel
velocities and outlet scour "holes" are normally the major impedances to fish
passage at culvert sites, proper analysis of these items should insure a

proper fish passage design (7).

Conversely, the ODFW ratings and the WFLHD survey and analysis show that the
culverts with and without special features provide only fair fish passage
characteristics. According to WFLHD  analysis, these culverts are
hydraulically incompatible with the local stream environment. However, some
of the culverts had mitigating features such as short lengths and downstream
influences which allowed the fish to migrate upstream through the culvert
(see Figure 1){10). On the other hand, special features such as downstream
ladder or weir systems in some instances became an impedance to fish passage
during low flows. Thus, the culvert designer should analyze the special
features such as baffles and downstream fish ladders for a variety of flow

conditions. Also, these systems may require periodic maintenance.
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RECOMMENDATIONS

Finally, WFLHD recommends the culvert designer use pipe and pipe-arches with
natural stream beds instead of arches. With only a few exceptions, the
installer could have placed a pipe or pipe-arch with a natural stream bed
surface instead of the arch. However, if the installer can place the arch
footings on bedrock or below the expected scour depth with proper structural
support, then the arch may be a viable alternative. For their survey, WFLHD
rated nearly all the arch foundations as poor or fair because of shallow
footings placed on erosive material. As stated earlier, the stream velocities
for the 2-year flood ranged from 4 to 6 fps, while the velocities for the
50-year flood ranged from 6 to 8 fps. \Using the Fortier and Scobey maximum
erosive velocities for gravel beds, the 2-year flood to 50-year flicods induce
erosive velocities within the arch barrels. Thus, the arches with shaliow
footings on erosive materials (i.e., silt, sand, gravel) are highly

susceptible to scour and final foundation failure during a large flood.

Design Procedures

Based upon the above, WFLHD recommends the following design procedures for

culvert fish passage designs:

1. The designer should select a stream discharge for analyzing the fish
passage characteristics and a stream discharge for analyzing the
serviceability of the culvert., As a minimum, the designer should select
the 2-year and 50-year floods for the respective analyses. If possibie,

the designer should analyze the hydraulic characteristics for other



discharges such as 7-day highs and 7-day Tows. Preferably, the designer
should rate the hydraulic conditions of the stream and culvert for a wide

variety of flow conditions (8).

Using the topographic data of the stream site and the selected culvert
size, the designer should determine the pipe headwater-to-rise ratio for
each of the selected discharges. Also, the designer should determine the
culvert barrel depth and velocity and the natural stream channel depth
and velocity for each of the same discharges. Concurrently, the designer
should determine the culvert outlet depth and velocity and the
corresponding culvert outliet scour. Finally, the designer should compare
the computed stream channel and culvert depths and velocities against the
maximum permissible values for stream erosion., For this analysis, WFLHD
recommends the methods in the "Design Analysis" section of this report

(i.e., USGS regression equations, FHWA HDS No. 5 and HEC 14),

Design Criteria

To aid in the above design process, WFLHD recommends the following culvert

selection criteria:

The culvert headwater-to-rise ratio should not exceed 1.,0. As a minimum,
this criteria should be applicable to the discharge the designer selects
for analyzing the serviceability of the culvert ({i.e., 50-year flood}.
This item should insure that the culvert inlet does not excessively

constrict the stream. Thus, this will reduce the chance of upstream
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debris depositions and blockages and high inlet velocities that may

impede fish passage,

The culvert barrel velocity should not exceed the natural stream channel
velocity by more than 25 percent. As a minimum, this criteria should be
applicable for discharges having a flood magnitude of 2 years or less.
Ideally, the culvert barrel flow depths and velocities should match those
of the natural stream channel as c¢lose as possible. However, natural
streams may experience fluctuations in velocities as large as 50 percent
from one stream section to the next for the same discharge. Thus, this
criteria should insure reasonable passage of fish under most normal flow

conditions.

The culvert outlet scour should not exceed 0.5 foot. As a minimum, this
criterion should be applicable for discharges having a flood magnitude of
2 years or less. Ideally, the outlet scour should be nearly zero foot.
However, the outlet scour depth will decrease as the stream flow
decreases. Thus, the designer should expect the actual outlet scour
during normal filow conditions to be less than the computed value for the

2-year flood.
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Installation Criteria

WFLHD recommends the following instaliation procedures for pipe and

pipe-arches with natural stream bed surfaces:

1. For culverts 10 feet or less in equivalent diameter, the installer of the
culvert should set the barrel invert a minimum of 12 inches to 24 inches
below the natural stream bed slope. For culverts with equivalent
diameters larger than 10 feet, the instailer should place the culvert
barrel a minimum of one fifth the culvert rise below the natural stream

bed slope.

2. The installer should fill the culvert barrel with materials that are
similar to the natural stream bed materials. This will insure a culvert
barrel roughness comparable to the stream channel roughness. Tables 5
and 6 show the culvert velocity will be comparable to the natural stream
velocity if the culvert barrel roughness, Nb, is comparable to the stream

channel roughness, Nch,

In some instances, the existing stream bed may consist of cohesive
materials such as clays and silt. These materials may not be suitable
for rgiocation into the culvert barrel due to a reduction in their
cohesiveness during the installation. Instead, the installer should
consider fine or coarse gravel for the culvert stream bed surface.
Eventually, the culvert stream bed should reach a material composition

comparable to the natural stream bed. This will occur as the stream
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deposits clay and sand-size particles within the barrel during low flows
and the stream transports the gravel size particles away during high

flows.

Initially, during iow flow periods, the stream flow couid submerge into
the stream bed gravel. This is 1likely to happen when the installer
performs extensive excavation upstream and downstream of the culvert and
directly underneath the culvert for foundation purposes. Although the
stream bed should eventually "seal" itself with the deposition of finer
materials, the installer should consider placing a nonpermeable barrier
between the stream bed materials and the foundation materials., This

action should reduce the potential of the stream flow to submerge.

The installer should place the culvert barrel materials described under
Item 2. +to match the original or local stream bed elevations. This
should insure a bed slope through the barrel comparable to the 1local

stream bed slope.

The instalier should place the culvert barrel itself on as flat a slope
as possibie. In general, the installer should limit culvert barrel to a
slope steepness of 2 percent. This criteria should encourage barrel
deposition of new materials during low flows to replace existing
materjals transported away during high flows. If the installer must
place the culvert barrel on a slope steeper than 2 percent, then the
installer should consider placing baffles inside the barrel to retain the

stream bed materials (9).

-35-



The installer should also consider the sediment transporting capability
of the stream before deciding on the final slope of the culvert barrel.
Furthermore, the installer should consider the depth of materials pilaced
within the culvert and the culvert's impact upon the hydraulics (i.e.,
velocity) before a final decision. If the culvert bed material depth is
more than the expected local scour depth, then the culvert barrel slope
may be irrelevant to maintaining a natural stream bed material within the
culvert. However, if the installer cannot meet these conditions, then

the installer should consider flattening the culvert barrel slope.

If the installer cannot develop a culvert Tayout that matches the
hydraulic design criteria, then the installer should consider placing
small boulders within the culvert. The boulders should reduce the
overall barrel velocities as well as create a velocity profile comparable
to that of a natural stream. In general, a culvert velocity profile that
varies similar to the natural stream profile may be more important than
the overall barrel velocity. For example, most fish can travel against
high water velocities for short distances as shown in Figure 2 and
Table 9 (10). Thus, a series of small boulders within the culvert should
reduce the chances that the fish will have to travel upstream through the
culvert at sustained high speeds. If the installer places small boulders
within the barrel, the installer should embed them into the culvert bed
materials. To reduce the potential for debris collection, the boulders

should not protrude more than 12 inches above the culvert bed surface.

If outlet scour is a possible problem, then the installer should place

boulders just downstream from the culvert outlet. This should dissipate
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the stream's energy and reduce the potential scour depth. However, if
stream degradation downstream from the culvert 1is also a po;entia]
problem, then the whole culvert dinstallation may require lowering to
anticipate an overall lower stream bed surface. In other cases, the

installer may eventually have to replace the culvert with a new culvert.
While the subject of fish passage will require more research, WFLHD believes

that sufficient design methods exist to ensure that culverts can pass fish

under normal flow conditions. Hopefully, this study supports this conclusion,
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CHECKLIST FOR THE FIELD INVESTIGATION OF SELECTED OREGON CULVERTS

I. Stream Cross Sections

A,

*Note:

Location*

1. At the culvert outlet.

2. At the cuivert inlet.

3., At the location which is most representative of the natural
stream section below the culvert outlet (i.e., 50 to 200 feet
d/s from the culvert outlet).

4, At the location which is most representative of the natural
stream section above the culvert inlet (i.e., 50 to 200 feet
v/s from the culvert inlet).

5. At the location of maximum culvert outlet scour.

Special Details - Elevations and Distances of the Following Features
Should Be Obtained:

1.

The edge of water.

The top and bottom of footings and walls that support the
culvert,

The top and bottom of the culvert outlet and inlet.

High-water marks.

Measure distances between all cross sections.
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II. Culvert Details

Size (i.e., pipe diameter or maximum span and maximum rise)

Type (i.e., structural plate pipe-arch, structural plate arch,
corrugated metal pipe, structural plate pipe)

Material {metal or concrete)
Special Features
1. Baffles.

a. Typical spacing and size, typical layout, and type (wood
or metal}.

2. Footings, support walls, metal cross ties.
a. Typical size, typical layout, type {concrete or metal).
3. Outlet features (man-made).

a. Type (i.e., 1log barriers, pools, and weirs, gabion
baskets}, typical layout, typical size.

III. Special Stream Features

A.

Culvert Outlet Scour
1. Maximum length and width of scour hole.
Deposition of Stream Bed Material Within the Culvert Barrel

1. Average depth, length, and width of deposited material.
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Natural Barriers

1.

Type {i.e., logs or rocks), typical size, typical layout (i.e.,
distance from culvert inlet or outlet).

Surface Velocity Through Culvert Barrel

Adjacent Streams and Man-Made Structures Which May Influence the

Hydraulic Characteristics of the Culverted Stream

1.

Distance and direction of adjacent streams and man-made
structures from the culvert (i.e., inlet or outlet).

Approximate dimensions of adjacent streams and man-made
structures (i.e., average width and average depth of stream,
length of bridge, pipe diameter).

IV, Stream Material Sampling

A,

Location**

1. Upstream of culvert inlet,

2. Downstream of culvert outlet.
3. Inside Culvert Barrel,

4.  Scour hole areas.

Quantity and Depth

Standard material sample bags should be filled with enough
material for performing sieve gradation analysis.

Samples should extend to a depth of 12 inches into the existing
stream bed.

**Stream bed samples need not be taken at each of these locations if the
material does not appear to differ in composition from location to location.
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Photographs

A. Facing Downstream from the Culvert Outlet

B. Facing Upstream from the Culvert Inlet

c. The Culvert Outlet

D. The Culvert Inlet

E. Special Features (i.e., scour holes, man-made structures, adjacent
streams, log barriers within sight distance of the culvert location)

Documentation

A, "Hydraulic Site Evaluation” Form

B. Standard Survey Field Books for Stream Cross-Section Data
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SHEET 1 OF 3

REF, NC. 1-A
FISH PASSAGE
EVALUATION FORM
DATE: 10/15/87 DATA BY: Bill Howard, James Bryant
STREAM: Mt. Scott Creek ODF&W REP.: Jay Massey

LOCATIQON: Approximately 1 + mile off I-205 east on Sunnyside Road,

Clackamas County; T2S, R2E, Section 3

TYPE OF INSTALLATION: Concrete Box Culvert

DIMENSIONS: SPAN  10.0' RISE 8,0 DIAM.

LENGTH 182°

GRADIENT ,01750 foot/foot

SPECIAL FEATURES: Fish baffles on approximately 4 foot spacings.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

7. TYPE AND CONDITION OF SPECIES: Small runs of Coho salmon and

winter steelhead. Resident trout population also present,

2,  IMPORTANCE OF INSTALLATION TQ SUBJECT SPECIES:
CRITICAL  X* MODERATE NONCRITICAL

*Critical for salmon and steelhead; important for resident trout.

3. EVALUATION OF INSTALLATION:
GOOD FAIR PGOR X

4,  COMMENTS:
Baffle construction not adequate at downstream end of culvert. Water

spreads out over apron below lower baffle {fish do not have concentrated

flow to jump into). Probably not passable at moderate to low flow.

CORRECTION NEEDED - Add training 'walls to concentrate flow from lower

baffle to edge of the apron. The remainder of the installation looks

fine.
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SHEET 2 OF 3

REF, NO. _1-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1. CULVERT CONDITION:

GOOD _ X FAIR POOR
2. CULVERT CAPACITY:

GOOD X FAIR POOR
3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING ___ CLOSED _ X

4. CONDITION OF FOUNDATION:
GOOD X FAIR POOR

5.  OUTLET SCOUR:

SEVERE X MODERATE NEGLIGIBLE

6.,  CULVERT STREAM SURFACE
METAL CONCRETE X NATURAL

7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS
COMPATIBLE INCOMPATIBLE X

8. COMMENTS: To mitigate the outlet problems, a log barrier system should

be 1installed downstream from the culvert outlet to create a pool

extending 1into the culvert barrel. The pool would reduce outlet

velocities and outlet scour depths. The pool would also provide

sufficient flow depths for fish desiring passage through the culvert

during low flow periods.
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SHEET 3 OF 3
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SHEET 1 OF

REF. NO. 1-B
FISH PASSAGE
EVALUATION FORM
DATE: 10/15/87 DATA BY: Bill Howard, James Bryant
STREAM: Newell Creek ODF&W REP.: Jay Massey

LOCATION: 7.75 miles south of I-205 junction on Hwy. 213, Cascade Hwy.,

Clackamas County; T2S, R2E, Sections 32 and 33

TYPE OF INSTALLATION: Steel Structural Plate Pipe

DIMENSIONS: SPAN RISE DIAM. _14'

LENGTH  438'

GRADIENT 0.01 foot/foot

SPECIAL FEATURES: Natural stream bed materials and boulders placed throughout

the culvert length.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES:  Small runs of Coho salmon and winter

steelhead., Also stream has resident trout population.

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL  X*  MODERATE NONCRITICAL

*Critical for coho and steelhead and important for trout.

3. EVALUATION OF INSTALLATION:
GOOD X FAIR POOR
4,  COMMENTS:

Excellent installation for fish passage.

B-4



EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GooD X FAIR POOR

CULVERT CAPACITY:

GOOD X FAIR ___ POOR
TYPE OF CULVERT FOUNDATION:

METAL FOOTING ___ CONCRETE FOOTING ____ CLOSED
CONDITION OF FOUNDATION:

GOOD X FAIR POOR

OUTLET SCOUR:

SEVERE ___ MODERATE __ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL _ CONCRETE NATURAL _ X

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS

COMPATIBLE X INCOMPATIBLE

SHEET 2 OF 3
REF. NO. 1-B

_x

COMMENTS: MWhile the above culvert could possibly be reduced in diameter

size without significantly affecting its ability to service the highway

and fish passage, overall, the culvert is a good installation for the

given design criteria and field conditions,
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SHEET 3 OF 3
REF. NO. 1-B
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SHEET 1 OF 3

REF. NO. 1-C
FISH PASSAGE
EVALUATION FORM
DATE: 10/19/87 DATA BY: Bill Howard, James Bryant
STREAM: Cool Creek ODF&W REP,: Jay Massey

LOCATION: 2-1/2 miles of US 26 on Still Creek Road, Clackamas County;

T3S, R7E, Section 24

TYPE OF INSTALLATION: Aluminum Structural Plate Arch

DIMENSIONS: SPAN 14,7 RISE 9.5' DIAM,

LENGTH 48'

GRADIENT 0.01 foot/foot

SPECIAL FEATURES: Open bottom arch. Top of footings appear to be 4 feet

below stream bed. Man-made pools were built at outlet with log and rock

barriers,

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
1. TYPE AND CONDITION OF SPECIES: Small runs of Coho salmon and winter

steeThead., Resident trout also in stream,

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X* MODERATE NONCRITICAL

*Critical for salmon and steelhead; important for resident trout.

3. EVALUATION OF INSTALLATION:
GooD X FAIR PGOR

4. COMMENTS: Very good open bottom arch, Man-made pools at outlet may

require periodic maintenance.




SHEET 2 OF
REF. NO. 1-C

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GOOD FAIR POOR X

CULVERT CAPACITY:
GOOD FAIR X POOR

TYPE OF CULVERT FOUNDATION:
METAL FOOTING CONCRETE FOOTING X CLOSED

CONDITION OF FOUNDATION:
GOOD FAIR X POOR

OUTLET SCOUR:

SEVERE __ MODERATE _ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL _ CONCRETE __ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

COMMENTS:  Despite the poor installation procedures, the Cool Creek

culvert is a good fish passage design.
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SHEET 3 OF 3
REF. NO., 1-C
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SHEET 1 OF 3

REF. NO. 1-D
FISH PASSAGE
EVALUATION FORM
DATE: 10/20/87 _ DATA BY: Bill Howard, James Bryant
STREAM: Lost Creek ODF&W REP.: Jay Massey

LOCATION: Spur Road 109, Clackamas County; T2S, R8E, Section 21

TYPE OF INSTALLATION: Steel Structural Plate Arch

DIMENSIONS: SPAN 18,2 RISE  5.6' DIAM.

LENGTH 50'

GRADIENT ,014 foot/foot

SPECIAL FEATURES: Open bottom arch. Bottoms of concrete footings are esti-

mated to be only 2 feet below the existing stream bed.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION QF SPECIES: Fair runs of Coho salmon and winter

steelhead. Resident trout also in stream.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL  X* MODERATE NONCRITICAL

*Critical for salmon and steelhead; important for resident trout.

3. EVALUATION OF INSTALLATION:
GOOD X FAIR POGR

4. COMMENTS: Excellent open bottom arch arch.
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SHEET 2 OF 3
REF. NO. -] 'D

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:
GOOD FAIR X POOR

2.  CULVERT CAPACITY:
GOOD X FAIR POOR

3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING X  CLOSED
4.  CONDITION OF FOUNDATION:

GOOD _ FAIR POOR _ X

5.  OUTLET SCOUR:
SEVERE MODERATE NEGLIGIBLE X

6.  CULVERT STREAM SURFACE:
METAL CONCRETE NATURAL X

7. CULVERT HYDRAULICS V, NATURAL STREAM HYDRAULICS:
COMPATIBLE X INCOMPATIBLE

8. COMMENTS: While the above culvert provides good fish passage, a pipe

culvert with its metal invert depressed below the natural stream bed

would eliminate the possibility of a foundation failure during an extreme

flood. Also, log and/or rock barriers could be installed downstream to

ensure that the "depressed" culvert did not lose its streambed material.




SHEET 3 OF 3
REF, NO. 1-D
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. | SHEET 1 OF 3

REF. NG, C-7-
FISH PASSAGE
EVALUATION FORM
DATE: 10/20/87 DATA BY: Bill Howard, James Bryant
STREAM:  Polallie Creek ODF&W REP.,: Jim Newton

LOCATION; 23.2 miles south of Hood River and I-84 junction on US 35, Hood

River County; T2S, R10E, Section 5

TYPE OF INSTALLATION: Steel Structural Pipe-Arch
DIMENSIONS: SPAN 12.7' RISE 7.25' DIAM.
LENGTH 110'

GRADIENT 0.045 foot/foot

SPECIAL FEATURES: Pipe invert is lined with concrete, Another pipe is

located at the site for flood relief. The additional pipe is a 7 foot

diameter corrugated steel pipe with no special features for fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONMNEL:

1.  TYPE AND CONDITION OF SPECIES: May provide some rearing for resident

trout and possibly a small number of steelhead,

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ MODERATE ___ NONCRITICAL _X
3,  EVALUATION OF INSTALLATION:
GOOD X FAIR ___ POOR

4, COMMENTS: Polallie Creek is an unstable, high gradient, high

velocity stream with Jittle fish production potential. This stream was

devastated by the sudden draining of a glacial impoundment on the slopes

of Mt. Hood in 1980, The entire stream was severely scoured by the

ensuing flood, which also destroyed portions of Highway 35 and miles of

the East Fork of Hood River.

Polallie Creek has never been considered a significant resident or

anadromous fish producer,
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SHEET 2 OF 3

REF. NO.

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

3.

CULVERT CONDITION:

GOOD X FAIR ___ POOR

CULVERT CAPACITY:

600D FAIR _X _ POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING ___ CONCRETE FOOTING
CONDITION OF FOUNDATION:

600D X FAIR ___ POOR

OUTLET SCOUR:

SEVERE MODERATE X NEGLIGIBLE

CULVERT STREAM SURFACE:
METAL CONCRETE X NATURAL

CLOSED X

CULVERT HYDRAULICS V, NATURAL STREAM HYDRAULICS:

COMPATIBLE INCOMPATIBLE X

C-7

COMMENTS: In general, the above facility is not considered a good

installation for fish passage. If the culvert were to be replaced with

fish passage as a design criteria,

the culvert

installation would

probably require oversizing or the placement of baffles and/or natural

stream bed materials such as gravels and small boulders to sufficiently

reduce stream velocities through the culvert facility.
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SHEET 1 OF 3
REF. NO. 14-A

FISH PASSAGE

EVALUATION FORM
DATE: 10/22/87 DATA BY: Bill Howard, James Bryant
STREAM: Mottet Creek ODF&EW REP,: Duane West

LOCATION: MP 7.6 on FS Road 63, Union County; T4N, R39E, Section 33

TYPE OF INSTALLATION: Corrugated Steel Oval Pipe

DIMENSIONS: SPAN 5.8' RISE 7.0’ DIAM,

LENGTH 110

GRADIENT  0,0573 foot/foot

SPECIAL FEATURES: Log weirs and pools are constructed at the outlet of the

culvert.

EVALUATION OF PASSAGE FACILITIES BY QDF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: There are good numbers of both

rainbow trout and summer steelhead in this small tributary stream.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X__ MODERATE ___ NONCRITICAL
3,  EVALUATION OF INSTALLATION:
GOOD _ FAIR _X__ POOR

4, COMMENTS: This type of facility does an adequate job of passing fish

however, it is not as good as the open bottom arch.




SHEET 2 OF 3
REF. NO. 14-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:

GOOD _ X FAIR ____ POOR

CULVERT CAPACITY:

GOOD __ FAIR _X _ POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING __ CLOSED _X
CONDITION OF FOUNDATION:

GOOD X FAIR ___ POOR

OUTLET SCOUR:

SEVERE MODERATE NEGLIGIBLE X

CULVERT STREAM SURFACE:

METAL _ X __ CONCRETE ___ NATURAL

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE __ INCOMPATIBLE _ X

COMMENTS: If the culvert were to be replaced in the future, the culvert

should be oversized and installed with baffles and/or natural stream bed

materials such as gravels and small boulders. This type of facility

would significantly reduce culvert wvelocities and provide flow

characteristics similar to the natural stream channel. Thus, a culvert

facility that can provide fish passage is possible at this site.
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REF. NO. 14-A
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SHEET 1 OF 3

REF, NO. 14-B
FISH PASSAGE
EVALUATION FORM
DATE: 10/22/87 DATA BY: B1ill Howard, James Bryant

STREAM: Little Looking Glass Creek ODF&W REP.: Duane West

LOCATION: MP 4.5 on FS Road 63, Union County; T3N, R39E, Section 2,

TYPE OF INSTALLATION: Steel Structured Plate Arch

DIMENSIONS: SPAN 17.6' RISE 8,0’ DIAM,

LENGTH 110

GRADIENT 0.0164 foot/foot

SPECIAL FEATURES: Open bottom arch. Gabion weirs at outlet.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

T TYPE AND CONDITION OF SPECIES: Both rainbow trout and summer steel-

head inhabit the stream., There are good numbers of both species.

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE NONCRITICAL

3. EVALUATION OF INSTALLATION:
GOOD X FAIR POOR

4.  COMMENTS: Littie Looking Glass Creek is an important steelhead

spawning and rearing stream. The stream above the culvert contains

the best habitat.




SHEET 2 OF 3
REF. NO, 14-B

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

6.

CULVERT CONDITION:

GOOD FAIR X POOR

CULVERT CAPACITY:
GOCD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ X _ CONCRETE FOOTING ___ CLOSED
CONDITION OF FOUNDATION:

GOOD  FAIR __ POOR _ X

QUTLET SCOUR:

SEVERE  MODERATE __ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL CONCRETE _ NATURAL _ X

CULVERT HYDRAULICS ¥. NATURAL STREAM HYDRAULICS:

COMPATIBLE INCOMPATIBLE X

COMMENTS: While the above culvert provides good fish passage, a pipe

arch culvert with its metal invert depressed below the natural stream bed

would eliminate the possibility of foundation failure during an extreme

flood event. Also, log and/or rock barriers could be installed

downstream to ensure that the local fishery could traverse the gabions

though a series of pools and weirs.
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SHEET 3 OF 3
REF. NO. 14-B
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14Ba - Culvert Outlet

14Bb - Typical Stream Channel
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SHEET 1 OF 3

REF., NO. 15-A

FISH PASSAGE

EVALUATION FORM
DATE: 10/24/87 DATA BY: Bill Howard, James Bryant
STREAM: Tamarack Gulch ODF&W REP.: Ken Witty

LOCATION: Near Enterprise, Wallowa County; T3N, R47E, Section 34

TYPE OF INSTALLATION: Corrugated Metal Pipe-Arch

DIMENSIONS: SPAN 6.0’ RISE  3.9' DIAM,

LENGTH  30.7'

GRADIENT 0,0326 foot/foot

SPECIAL FEATURES: None

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1.  TYPE AND CONDITION OF SPECIES:  Summer steelhead - migratory and

resident rainbow trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ MODERATE ____ NONCRITICAL _ X
3.  EVALUATION OF INSTALLATION:
GOOD _ X FAIR ___ POOR
4.  COMMENTS:
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SHEET 2 OF 3
REF. No., 15-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GooD X FAIR POOR

CULVERT CAPACITY:
GOoOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING _ CLOSED _ X
CONDITION OF FOUNDATION:

600D X FAIR POOR

OQUTLET SCOUR:

SEVERE MODERATE NEGLIGIBLE X

CULVERT STREAM SURFACE:
METAL X CONCRETE NATURAL

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE INCOMPATIBLE X

COMMENTS: Although this small, intermittent stream is not c¢ritical to

the tocal fishery, a culvert with a rise and span comparable to the

existing facility could easily be installed with a depressed invert. The

depressed metal invert could be covered with small boulders and natural

stream bed materials. This type of facility would significantly reduce

culvert velocities and provide flow characteristics similar to the

natural stream channel. Thus, a culvert facility that can provide fish

passage is possible at this time.
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SHEET 3 OF 3
REF. NO. 15-A

15Ab - Typical Stream Channel
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SHEET 1 OF 3

REF. NO. 15-B
FISH PASSAGE
EVALCUATION FORM
DATE: 10/24/89 DATA BY; Bill Howard, James Bryant

STREAM: South Fork Chesnimus Creek ODF&W REP.: Ken Witty

LOCATION:  South of junction of FS Roads 4690, 014, and 015 on FS Road 4690,

Wallowa County; T3N, R47E, Section 24

TYPE OF INSTALLATION: Corrugated Metal Pipe

DIMENSIONS: SPAN RISE DIAM, 6.7’

LENGTH 36.7°

GRADIENT 0.03 foot/foot

SPECIAL FEATURES: None

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL ___ MODERATE __ X NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD _ FAIR _X _ POOR

4. COMMENTS: Creek was dry when inspected on 11/8/88. The downstream

end of this culvert could be a barrier at lower stream flows.
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SHEET 2 OF 3
REF, NO. 15-B

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

2.

6.

7.

CULVERT CONDITION:
GOOD _ X FAIR ___ POOR
CULVERT CAPACITY:
GOOD _X FAIR ___ POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING _ CLOSED _ X
CONDITION OF FOUNDATION:

GOOD _ X  FAIR ___ POOR
OUTLET SCOUR:

SEVERE ____ MODERATE _ X NEGLIGIBLE
CULVERT STREAM SURFACE:

METAL X CONCRETE NATURAL

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE INCOMPATIBLE X

COMMENTS: If this culvert is to be replaced, it can be replaced with a

culvert barrel area similar to the existing facility provided its invert

is depressed below the natural stream bed gradient. The culvert invert

should be backfilled with existing stream bed material and small boulders

to reduce the barrel velocities. The existing scour hole at the outlet

should also be backfilled with similar natural materials to match the

stream bed gradient. These wmeasures should provide a facility that

blends well with the surrounding stream environment and fishery habitat.
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SHEET 3 OF 3
REF. NO. 15-B

15Ba - Culvert Outlet

15Bb - Typical Stream Channel
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SHEET 1 OF 3

REF. NO. D"6
FISH PASSAGE
EVALUATION FORM
DATE; 10/24/87 DATA BY:  Bill Howard, James Bryant
STREAM: Devil's Run Creek ODF&W REP.: Ken Witty

LOCATION: Wallowa National Forest, Wallowa County; T3N, R47E, Section 3

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 10,2' RISE  4.5' DIAM,

LENGTH 44,3’

GRADIENT 0.0135 foot/foot

SPECIAL FEATURES: Open bottom arch. Log trash rack located at culvert inlet.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1.  TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE NONCRITICAL

3. EVALUATION OF INSTALLATION:
GOOD X FAIR POOR
4,  COMMENTS:
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SHEET 2 OF 3

REF. NO.

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

2.

3.

5.

CULVERT CONDITION:

GOOD ___ FAIR _X__ POOR
CULVERT CAPACITY:

GOOD _ X  FAIR ___ POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ X CONCRETE FOOTING ___ CLOSED
CONDITION OF FOUNDATION:

GOOD _ FAIR ___ POOR _ X

OUTLET SCOUR:

SEVERE __ MODERATE __ NEGLIGIBLE X
CULVERT STREAM SURFACE:

METAL _ CONCRETE ___ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

COMMENTS: While the above culvert provides good fish passage, a

D-6

pipe-arch culvert with its invert depressed below the natural stream bed

would eliminate the possibility of a foundation failure during an extreme

fiood event.
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SHEET 3 OF 3
REF. NO, D-6

D6éa - Culvert Outlet

Déb - Typical Stream Channel

B-30



SHEET 1 OF 3

REF, NO. (-3
FISH PASSAGE
EVALUATION FORM
DATE: 10/25/87 : DATA BY: Bill Howard
STREAM: Billy Creek ODFEW REP.: Ken Witty

LOCATION: Wallowa National Forest, Wailowa County; T3N, R47E, Section 7

TYPE OF INSTALLATION: Steel Structural Plate Pipe-Arch

DIMENSIONS: SPAN  6,3' RISE 5.0' DIAM.

LENGTH 78.8'

GRADIENT 0,0228 foot/foot

SPECIAL FEATURES: Log weirs and gabions placed at outlet. An additional

48 inch diameter pipe has been installed for flood relief. The additional

48 inch pipe has no special features for fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
1. TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL MODERATE X NONCRITICAL

3.  EVALUATION OF INSTALLATION:
GOOD FAIR X POOR X

Fair at high flows, poor at low flows.

4. COMMENTS: Billy Creek was dry in the vicinity of this culvert when

inspected on 11/8/88. This installation and the concerns with it are

similar to the situation on Doe Creek {Ref. #C-4). The weirs and gabions

below the culvert ¢reate barriers during low flows.
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SHEET 2 OF 3

REF., NO, C-3
EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1.  CULVERT CONDITION:
GOOD X  FAIR ___ POOR
2.  CULVERT CAPACITY:
GOOD X FAIR ____ POOR
3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING _  CONCRETE FOOTING _~  CLOSED _ X
4., CONDITION OF FOUNDATION:
GOOD __ X FAIR ___ POOR
5. OQUTLET SCOUR:
SEVERE _ MODERATE _ NEGLIGIBLE __ X
6. CULVERT STREAM SURFACE:
METAL X  CONCRETE _ NATURAL
7.  CULYERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ INCOMPATIBLE X
8.  COMMENTS: A culvert with a rise and span comparable to the existing

facility could be easily dnstalled with a depressed invert, The

depressed invert could be covered with small boulders and natural stream

bed materials. This type of facility would significantly reduce culvert

velocities and provide flow characteristics similar to the natural stream

channel., If weirs are maintained at the site, then they should be

designed to allow passage of fish during low flow periods by providing

flow depths and widths comparable to the natural channel, Also, the

water should be prevented from flowing under or through the weirs (i.e.,

permeable rock gabions).
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SHEET 3 OF 3
REF. NO. C-3

-

C3b - Typical Stream Channel
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SHEET 1 OF 3

REF. NO. B-2
FISH PASSAGE
EVALUATTON FORM
10/26/87 DATA BY: Bill Howard, James Bryant
STREAM: Camp Creek ODF&W REP.: Xen Witty

LOCATION: 1.75 miles from Imnaha on Road 380, Wallowa County, TIN, RA48E,

Section 20

TYPE OF INSTALLATION: Corrugated Metal Pipe

DIMENSIONS: SPAN RISE DIAM. 8.0'

LENGTH 96.3"

GRADIENT 0,0249 foot/foot

SPECIAL FEATURES: Fish baffies on approximately 15 foot spacings.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead trout/migratory

and resident rainbow trout.

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE NONCRITICAL
3. EVALUATION OF INSTALLATION:

GOoD FAIR X POOR

4. COMMENTS: There was approximately a 3.5 foot drop at the downstream

end of this culvert on 11/8/88, It appears that this instailation would

block upstream fish passage, but we know that adult steelhead make it up

Camp Creek to spawn in the spring. This is one of our index streams for

steelhead spawning surveys and we have had good counts above this culvert

in recent years.

There 1is a deep pool below the outlet of this culvert which probably

allows the fish to jump into the culvert., There also would be less drop

from this culvert in the spring when flows are higher in Big Sheep

Creek.

B-34



SHEET 2 OF 3

REF. NO. B-2

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1. CULVERT CONDITION:

600D FAIR _X__ POOR
2. CULVERT CAPACITY:

GOOD  FAIR POOR __X
3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING CONCRETE FOOTING ___ CLOSED _ X

4, CONDITION OF FOUNDATION:
GOOD X FAIR POOR

5.  OUTLET SCOUR:

SEVERE X MODERATE NEGLIGIBLE

6.  CULVERT STREAM SURFACE:
METAL _ X CONCRETE ___ NATURAL

7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X__ INCOMPATIBLE

8. COMMENTS: A larger culvert should be installed at this site to reduce

potential flood damage to the roadway, to reduce barrel velocities

prohibitive fo fish passage, and to reduce the potential for outlet

scour. The replacement culvert should be oversized and set below the

existing stream bed elevation to provide a natural stream bed surface

with gravels and boulders. The scour hole at the existing outlet should

also be filled with gravels and boulders to provide a smooth transition

from the Big Sheep Creek channel to the culvert outlet. With this type

of in stallation, fish impediment due to high barrel velocities and an

excessive vertical drop at the outlet would be significantly reduced to

acceptable levels. At this time the backwater from the adjacent Big

Sheep Creek possibly reduces the outlet culvert velocities and the

vertical outlet drop during high flows. This would explain the passage

of fish through the existing installation.
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SHEET 3 OF 3
REF. NO. B-2

B2a - Culvert OQutlet

B2b - Typical Stream Channel
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SHEET 1 OF 3

REF. NO. C-4
FISH PASSAGE
EVACUATION FORM
DATE: 10/23/87 DATA BY: Bil1l Howard, James Bryant
STREAM: Doe Creek ODF&W REP.: Ken Witty

LOCATION: 35 miles northeast of Enterprise, Wallowa National Forest,

Wallowa County; T3N, R46E, Section 14

TYPE OF INSTALLATION: Corrugated Metal Pipe-Arch

DIMENSIONS: SPAN 7.7' RISE 5.4' DIAM,

LENGTH 66.6'

GRADIENT 0,0255 foot/foot

SPECIAL FEATURES: Log weirs and gabions placed at outlet

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
1.  TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout.

2, IMPORTANCE OF INSTALLATION TQ SUBJECT SPECIES:
CRITICAL MODERATE X NONCRITICAL

3. EVALUATION OF INSTALLATION:
GOOD FAIR X POOR X

Fair during high flows, poor during low flows.
4.  TOMMENTS: %oe Creek was dry when | inspected this culvert on 11/8/88.

It appears that this culvert was not set deep enough when the road

was constructed and the weirs and gabions below the culvert were

installed in an attempt to elevate the stream bed. The weirs are

barriers to upstream and downstream passage at Jlow flows.

Downstream passage is a concern in these small streams because many

of them function as nursery streams. Adult fish enter the streams

and spawn soon after flows peak in the spring, The juvenile fish

that hatch in these streams will often migrate to higher order

streams in late summer or fall, when flows are Jow, to escape high

temperatures or to seek suitable over-winter habitat. It appears

that this installation would do a fair job of passing fish during

high flows {spawning), but would not pass fish at low flows.
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SHEET 2 OF 3

REF. NO. C-4
EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1.  CULVERT CONDITION:
GOOD _ X FAIR POOR
2.  CULVERT CAPACITY:
GOOD __ X FAIR POOR
3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING __ CONCRETE FOOTING _ CLOSED _ X
4, CONDITION OF FOUNDATION:
GOOD _ X  FAIR POOR
5. OUTLET SCOUR:
SEVERE _ MODERATE __ NEGLIGIBLE _ X
6.  CULVERT STREAM SURFACE:
METAL _ X CONCRETE __ NATURAL
7.  CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ INCOMPATIBLE X
8. COMMENTS: A culvert with a rise and span comparable to the existing

facility could be easily installed with a depressed invert. The

depressed invert could be covered with small boulders and natural stream

bed materials. This type of facility would significantly reduce culvert

velocities and provide flow characteristics similar to the natural stream

channel, If weirs are maintained at the site, they should be designed to

allow passage of fish during low flow periods by providing flow depths

and widths comparable to the natural channel. Also, the water should be

prevented from flowing under or through the weirs (i.e., permeable rock

gabions.
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SHEET 3 OF 3
REF., NO. C-4

C4a - Culvert Outiet

C4b - Typical Stream Channel
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SHEET 1 OF 3

REF. NO. D-8
FISH PASSAGE
EVALUATION FORM
DATE: 10/27/87 DATA BY: Bill Howard, James Bryant
STREAM: Gumboot Creek ODF&W REP.: Ken Witty

LOCATION: Southeast of Joseph on 39 Road, Wallowa County; T4S, R4BE,

Section 31

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSTONS: SPAN 15.0' RISE 8.5' DIAM,

LENGTH 69.0'

GRADIENT 0.0174 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
Y.  TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

resident rainbow trout, bull trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE ___ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD X FAIR ___ POOR
4,  COMMENTS:
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SHEET 2 OF 3
REF. NO, D-8

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GOOD FAIR X POOR

CULVERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING _ X _ CLOSED
CONDITION OF FOUNDATION:

GOOD __ FAIR POOR X

OUTLET SCOUR:

SEVERE _ MODERATE __ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL ___ CONCRETE ___ NATURAL _X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: A pipe-arch with a depressed metal invert could easily be

installed at this site without altering the positive fish passage

characteristics. Whjle reducing the possibility of structural failure

due to scour undermining. The depressed invert should be covered with

stream bed materials similar to those located within the existing arch,

This measure would ensure depth and velocity characteristics similar to

the natural stream channel.
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SHEET 3 OF 3
REF. NO., D-8

D8b - Typical Stream Channel
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SHEET 1 OF 3
REF. NO. ]S-D

FISH PASSAGE

EVALUATION FORM
DATE: 11/3/87 DATA BY: Bill Howard, James Bryant
STREAM: Elk Creek ODF&W REP.: Ken Witty

LOCATION: MNortheast of Joseph on 46 Road, Wallowa County; T3N, R45E,
Section 35

TYPE QF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN  13.9' RISE 6.,1' DIAM.

LENGTH _ 60'

GRADIENT 0.010 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE __ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD X FAIR ___ POOR
4,  COMMENTS:
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SHEET 2 OF 3
REF. NO, 15-D

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:

GOOD __ FAIR _X _ POOR
2. CULVERT CAPACITY:

GOOD _ X FAIR __ POOR
3.  TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING _ X  CLOSED
4.  CONDITION OF FOUNDATION:

GOOD _ FAIR ____ POOR _ X
5.  OUTLET SCOUR:

SEVERE __ MODERATE ____ NEGLIGIBLE X
6.  CULVERT STREAM SURFACE:

METAL CONCRETE NATURAL X

7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

8., COMMENTS: A pipe-arch with a depressed metal invert could easily be

installed at this site without altering the positive fish passage

characteristics while reducing the possibility of structural failure due

to scour undermining. The depressed invert should be covered with stream

bed materials similar to those located within the existing arch. This

measure would ensure the depth and velocity characteristics similar to

the natural stream bed.
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SHEET 3 OF 3
REF, NO, 15-D

15Da - Culvert Outlet

15Db - Typical Stream Channel
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SHEET 1 OF 3

REF. NO, 15-E
FISH PASSAGE
EVALUATION FORM
DATE: 11/3/87 DATA BY: Bill Howard, James Bryant
STREAM: Chesnimus Creek ODF&W REP.: Ken Witty

LOCATION: Near Enterprise, Wallowa County; T3N, R47E, Section 2i

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 11.0° RISE 5.7' DIAM,

LENGTH 49.7'

GRADIENT 0,001 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ X MODERATE ___ NONCRITICAL

3. EVALUATION OF INSTALLATION:
GOOD _ X FAIR ___ POOR

4.  COMMENTS: Stream flow was intermittent when I inspected this culvert
on 11/8/88.

This culvert is on Chesnimus Creek at the mouth of Vance Draw.
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SHEET 2 OF 3
REF. NO., 15-E

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:
G00D FAIR X POOR

2.  CULVERT CAPACITY:
G00D FAIR X POOR

3., TYPE OF CULVERT FOUNDATION:
METAL FOOTING X CONCRETE FOOTING CLOSED
4, CONDITION OF FOUNDATION:

GOGD FAIR POOR X

5.  OUTLET SCOUR:
SEVERE __ MODERATE _ NEGLIGIBLE _ X
6.  CULVERT STREAM SURFACE:
METAL _ CONCRETE __ NATURAL _ X
7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X__ INCOMPATIBLE

8. COMMENTS: A pipe-arch with a depressed metal invert could easily be

installed at this site without altering the positive fish passage

~ characteristics while reducing the possibility of structural failure due

to scour undermining. The depressed invert should be covered with stream

bed materials similar to those located within the existing arch. This

measure would ensure depth and velocity characteristics similar to the

natural steam channel.
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SHEET 3 OF 3
REF. NO, 15-E

15Eb - Typical Stream Channel
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SHEET 1 OF 3
REF. NO. 15-F

FISH PASSAGE

EVACUATION FORM
DATE: 11/4/87 DATA BY: Bil1l Howard, James Bryant
STREAM: Crow Creek ODF&W REP.: Ken Witty

LOCATION: Northeast of Joseph on 46 Road, Wallowa County, T3N, R45E,

Section 35

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 12.8° RISE 5.0 DIAM.

LENGTH 58.3'

GRADIENT 0.012 foot/foot

SPECIAL FEATURES: Open bottom arch. Another pipe is located at the site for

flood relief. The additional pipe is 4 foot diameter, corrugated steel pipe

with no special features for fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead trout - migratory

and resident rainbow trout

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _X__ MODERATE __ NONCRITICAL
3,  EVALUATION OF INSTALLATION:
G0OD _ X  FAIR ____ POOR
4.  COMMENTS:
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SHEET 2 OF 3
REF., NO. 15-F

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GOOD X FAIR PGOR

CULVERT CAPACITY:
GOOD FAIR POOR X

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ X _ CONCRETE FOOTING ___ CLOSED
CONDITION OF FOUNDATION:

GOOD X FAIR POOR

QOUTLET SCOUR:

SEVERE MODERATE NEGLIGIBLE X

CULVERT STREAM SURFACE:

METAL _ CONCRETE _ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: In general, this is a good culvert installation. However, if

the arch could he replaced, it should be replaced with an installation

that would reduce the HW/rise ratio to 1.5 during a 50 year flood event.

This would reduce the potential of flood damage to the road due to flood

overtopping and debris clogging.
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SHEET 3 OF 3
REF. NO. 15-F

15Fa - Culvert Inlet

15Fb - Typical Stream Channel
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SHEET 1 OF
REF. NO, 13-A

FISH PASSAGE

EVALUATION FORM
DATE: 11/8/87 DATA BY: Bill Howard, James Bryant
STREAM: Meacham Creek ODF&W REP.: Jim Phelips

LOCATION; 0.2 mile north of Meacham on main railroad 1ine just east of old

US 30 (MP 239), Umatilla County, T15, R35E, Section 3

TYPE OF INSTALLATION: Structural Plate Pipe

DIMENSIONS: SPAN 12.8' RISE 14’ DIAM;

LENGTH 120’

GRADIENT 0,013 foot/foot

SPECIAL FEATURES: Culvert appears to be depressed below the natural stream

bed. Another pipe is located at the site for flood relief, The additional

pipe is a 10 foot rise by 8.8 foot span, corrugated steel pipe with no special

features for fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
1. TYPE AND CONDITION OF SPECIES: Summer steelhead, resident trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL MODERATE X NONCRITICAL

3.  EVALUATION OF INSTALLATION:
GOOD FAIR X POOR

4.  COMMENTS: Adult steelhead spawn upstream from this culvert.
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SHEET 2 OF 3

‘ REF. NO. _13-A
EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1.  CULVERT CONDITION:
GOOD X FAIR ___ POOR
2.  CULVERT CAPACITY:
GOOD X FAIR POOR
3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING _  CONCRETE FOOTING _  CLOSED _ X
4. CONDITION OF FOUNDATION:
GOOD X FAIR __ POOR
5.  OUTLET: SCOUR:
SEVERE __ MODERATE _ NEGLIGIBLE X
6. CULVERT STREAM SURFACE:
METAL ___ CONCRETE __ NATURAL _ X
7. CULVERT HYDRAULICS V., NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X  INCOMPATIBLE
8. COMMENTS: Since the main culvert is depressed 2 to 3 feet below the

natural stream bed, small boulders, cobbles, and gravels have been placed

within the culvert barrel without significantly restricting the natural

stream flow, This installation, thus, provides velocity and depth

¢haracteristics similar to the natural stream channel. In general, this

is a good installation from the perspective of the highway facility and

in terms of fish passage features.
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SHEET 3 OF 3
REF. NO. _13-A

13Aa - Culvert Outlet

13Ab - Typical Stream Channel
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SHEET 1 OF 3
REF., NO, 13-B

FISH PASSAGE

EVALUATION FORM
DATE: 11/8/87 DATA BY: Bill Howard, James Bryant
STREAM: Meacham Creek ODF&W REP,: Jim Phelps

LOCATION: 1.0 mile north of Meacham on main railroad line just east of

old US 30 (MP 239}, Umatilla County:; TIN, R35E, Section 35

TYPE OF INSTALLATION: Structural Plate Pipe

DIMENSIONS: SPAN RISE DIAM. 15'

LENGTH 143!

GRADIENT 0,013 foot/foot

SPECIAL FEATURES: Culvert appears to be depressed below the natural stream

bed. Another pipe is located at the site for flood relief, The additional

pipe is a 10 foot diameter, corrugated steel pipe with no special features for

fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead, resident trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL ___ MODERATE _ X NONCRITICAL
3.,  EVALUATION OF INSTALLATION:
GOOD __ FAIR _X__ POOR

4. COMMENTS: MWe are not aware of any passage problems at this Jocation.
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SHEET 2 OF 3
REF. NO. 13-B

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:
GOOD X FAIR POOR

2.  CULVERT CAPACITY:
Goop X FAIR POOR

3.  TYPE OF CULVERT FOUNDATION:

METAL FOOTING CONCRETE FOOTING CLOSED X

4, CONDITION OF FOUNDATION:
GOOD X FAIR POOR

5.  OUTLET SCOUR:

SEVERE _ MODERATE __ NEGLIGIBLE _X
6.  CULVERT STREAM SURFACE:

METAL _ CONCRETE __ NATURAL _ X
7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

8. COMMENTS: Since the main culvert is depressed be 2 to 3 feet below the

natural stream bed; small boulders, cobbles, and gravels have been placed

within the culvert barrel without significantly restricting the natural

stream flow. This installation, thus, provides velocity and depth

characteristics similar to the natural stream channel, In general, this

is a good installation from the perspective of the highway facility and

in terms of fish passage features.
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SHEET 3 OF 3
REF. NO, 13-B

13Bb - Typical Channel Section
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SHEET 1 OF 3
REF. NO. 13-C

FISH PASSAGE

EVALUATION FORM
DATE: 10/8/87 DATA BY: Bill Howard, James Bryant
STREAM: Meacham Creek ODF&W REP.: Jim Phelps

LOCATION: 1.1 miles north of Meacham on main railroad line just east of old

US 30 (MP 239), Umatilla County; TIN, R35E, Section 35

TYPE OF INSTALLATION: Structural Plate Pipe-Oval

DIMENSIONS: SPAN 14! RISE 15' DIAM.

LENGTH 135°

GRADIENT  0.020 foot/foot

SPECIAL FEATURES: Culvert appears to be depressed below the natural stream

bed. Another pipe is located at the site for flood relief. The additional

pipe is a 10 foot diameter, corrugated steel pipe with no special features for

fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead, resident rainbow

trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ MODERATE _ X NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD FAIR _X__ POOR

4, COMMENTS: Not aware of any passage problems,

B-58



SHEET 2 OF 3

REF. NO. 13-C

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1. CULVERT CONDITION:

GOOD X FAIR POOR
2. CULVERT CAPACITY:

GOOD X FAIR __ POOR
3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING CLOSED _ X

4., CONDITION OF FOUNDATION:
GOOD X FAIR POOR
5.  OUTLET SCOUR:

SEVERE MODERATE NEGLIGIBLE X

6.  CULVERT STREAM SURFACE:
METAL CONCRETE NATURAL X

7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE X  INCOMPATIBLE

8., COMMENTS: Since the main culvert is depressed 2 to 3 feet below the

natural stream bed; small boulders, cobbles, and gravels have been placed

within the culvert barrel without significantly restricting the naturail

stream flow. This installation, thus, provides velocity and depth

characteristics similar to the natural stream channel. In general, this

is a good installation from the perspective of the highway facility and

in terms of fish passage features.
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SHEET 3 OF 3
REF, NO, 13-C

13Ca - Culvert Barrel

13Cb - Typical Stream Channel
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REF. NO, 13-D
FISH PASSAGE
EVALUATION FORM
DATE: 11/7/87 DATA BY: Bill Howard, James Bryant
STREAM: Meacham Creek QDF&W REP,.: Jim Phelps

LOCATION: 1.4 miles north of Meacham on main railroad 1ine just east of old

US 30 (MP 239), Umatilla County, TIN, R35E, Section 35

TYPE OF INSTALLATION: Structural Plate Pipe-Oval

DIMENSIONS: SPAN 20' RISE 20' DIAM.

LENGTH 160’

GRADIENT 0.014 foot/foot

SPECIAL FEATURES: Culvert appears to be depressed below the natural stream

bed. The culvert is connected to a 25 foot long, single span bridge,

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Summer steelhead, resident rainbow

trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ MODERATE _ X NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD _ X FAIR ____ POOR
4.  COMMENTS:
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REF. NO. 13-D

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

].

CULVERT CONDITION:
GOOD X FAIR POOR

CULVERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING ___ CLOSED _ X
CONDITION OF FOUNDATION:

GOOD _ X FAIR POOR

OUTLET SCOUR:

SEVERE __ MODERATE __ NEGLIGIBLE _X
CULVERT STREAM SURFACE:

METAL _ CONCRETE ___ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: Since the culvert is depressed 3 to 5 feet below the natural

stream bed, small boulders cobbles, and gravels have been placed within

the culvert barrel without significantly constricting the natural stream

flow. This installation, thus, provides velocity and depth

characteristics similar to the natural stream channel. In general, this

is a good installation from the perspective of the highway facility and

in terms of the fish passage features.
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13Da - Culvert Barrel

13Db - Typical Stream Channel
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REF. NO. 13-E

FI1SH PASSAGE

EVALUATION FORM
DATE: 11/6/87 DATA BY: Bill Howard, James Bryant
STREAM: Sheep Creek ODF&W REP.: Jim Phelps

LOCATION: 1.5 miles north of Meacham on main railroad lone just east of old

US 30 (MP 239), Umatilla County, TIN, R35E, Section 35

TYPE OF INSTALLATION: Concrete Underpass and Corrugated Metal Pipe

DIMENSIONS: SPAN RISE DIAM. 7'

LENGTH 124"

GRADIENT 0,053 foot/foot

SPECIAL FEATURES: WNone. 8.0 foot span by 8.5 foot rise. Concrete underpass

connects to a 7 foot diameter corrugated metal pipe.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Probable summer steelhead, resident

rainbow trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ MODERATE _ X NONCRITICAL
3. EVALUATION OF INSTALLATION:
G0OD _ FAIR ___ POOR _ X

4. COMMENTS: Gradient between culvert and Meacham Creek is steep and

rocky due to railroad construction.
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REF, NO. 13-E
EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1.  CULVERT CONDITION:
GOOD X  FAIR __ POOR
2.  CULVERT CAPACITY:
GOOD X FAIR POOR
3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING __ CONCRETE FOOTING __ CLOSED _ X
4, CONDITION OF FOUNDATION:
GOOD X FAIR __ POOR
5. OUTLET SCOUR:
SEVERE __ MODERATE _ NEGLIGIBLE _ X
6. CULVERT STREAM SURFACE:
METAL __ X CONCRETE NATURAL
7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ INCOMPATIBLE _ X
8., COMMENTS: If passage were réquired at this site, a culvert with rise a

and span comparable to the existing facility could be easily installed

with a depressed invert, The depressed invert could be covered with

small boulders and natural stream bed materials. This type of facility

would significantly reduce culvert velocities and provide flow

characteristics similar to the natural stream channel.
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13Ea - Culvert Qutlet

13Eb - Typical Stream Channel
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REF. NO. 12-A

FISH PASSAGE

EVALUATION FORM
DATE: 11/12/87 DATA BY: Bill Howard, James Bryant
STREAM: Canyon Creek ODF&W REP.: Errol Claire

LOCATION: Canyon {reek near Wickiup Campground, Grant County; T165, R3Z2E,

Section 2

TYPE OF INSTALLATION: Structural Plate Pipe-Arch
DIMENSIONS: SPAN 12.6' RISE 8.1’ DIAM,

LENGTH 55'

GRADIENT 0,020 foot/foot

SPECIAL FEATURES: None.,

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/chinook, adults

and juveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE __ NONCRITICAL

3.  EVALUATION OF INSTALLATION:
600D FAIR X POOR

4. COMMENTS: Grade too high - pipe not set deep enough - necessitates

a rock weir downstream to provide better passage.
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REF. NO. 12-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:
GOOD X FAIR POOR

2. CULVERT CAPACITY:
GOOD FAIR _ X POOR

3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING __ CONCRETE FOOTING ___ CLOSED _ X
4,  CONDITION OF FOUNDATION:
GOOD X FAIR ____ POOR
5.  OUTLET SCOUR:
SEVERE X  MODERATE __ NEGLIGIBLE
6.  CULVERT STREAM SURFACE:
METAL X CONCRETE ___ NATURAL
7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE __ INCOMPATIBLE X

8. COMMENTS: If the culvert were to be replaced in the future, the culvert

should be oversized and installed with natural stream bed materials such

as gravels and small boulders. This type of facility would significantly

reduce culvert velocities and provide flow characteristics similar to the

natural stream channel.
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12Aa - Culvert Outlet

12Ab - Typical Stream Channel
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REF. NO, 12-B

FISH PASSAGE
EVACUATION FORM

DATE: 11/12/87 DATA BY: Bill Howard, James Bryant

STREAM: Middle For of Canyon Creek ODF&W REP.: Errol Claire

LOCATION: Middle Fork Canyon Creek, Grant County; T16S, R32E, Section 2

TYPE OF INSTALLATION: Structural Plate Pipe Arch

DIMENSIONS: SPAN 13.5' RISE 8.5 DIAM,

LENGTH 90'

GRADIENT 0.022 foot/foot

SPECTAL FEATURES: <{ulvert appears to be depressed below the natural streambed,

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/cutthroat,

adults and juvenile

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE ___ NONCRITICAL
3.  EVALUATION OF INSTALLATION:
GOOD _ X FAIR ____ POOR
4.  COMMENTS:

B-70



SHEET 2 OF3

REF, NO., 12-B
EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1.  CULVERT CONDITION:
GOOD _ X  FAIR POOR
2.  CULVERT CAPACITY:
GOOD X FAIR POQR
3. TYPE QF CULVERT FOUNDATION:
METAL FOOTING _ CONCRETE FOOTING __ CLOSED _ X
4, CONDITION OF FOUNDATION:
GOOD X  FAIR POOR
5. OUTLET SCOUR:
SEVERE __ MODERATE _ NEGLIGIBLE _ X
6. CULVERT STREAM SURFACE:
METAL _ CONCRETE _ NATURAL X
7.  CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE __ X  INCOMPATIBLE
8. COMMENTS: Since the culvert is depressed 2 to 3 feet below the natural

stream bed, small boulders, cobbles, and gravels have been placed within

the culvert barrel without significantly restricting the natural stream

flow. This dinstallation, thus, ©provides velocity and depth

characteristics similar to the natural stream channel. In general, this

is a good installation from the perspective of the highway facility and

in terms of fish passage features.

B-71



SHEET 3 OF 3
REF. NO, 12-B
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12Ba - Culvert Inlet

12Bb - Typical Stream Channel
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REF, NO. 12-C

FISH PASSAGE
EVALUATION FORM

DATE: 131/12/87 DATA BY: Bill Howard, James Bryant
STREAM: Canyon Creek ODF&W REP.: Errol Claire

LOCATION: Canyon Creek at junction of US Roads 15 and 1520, Grant County;

T16S, R32E, Section 1

TYPE OF INSTALLATION: Structural Plate Pipe

DIMENSIONS: SPAN- RISE DIAM. 10

LENGTH 113"

GRADIENT 0,0177 foot/foot

SPECIAL FEATURES: Culvert appears to be depressed below the natural stream

bed.

EVALUATION OF PASSAGE FACILITIES BY ODFEW PERSONNEL:
1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/cutthroat/chinook

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE __ NONCRITICAL
3.,  EVALUATION OF INSTALLATION:
GOOD X __ FAIR __ POOR
4.  COMMENTS:
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REF. NO. ]Z-C

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

3.

CULVERT CONDITION:
GOOD FAIR X POOR

CULVERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING ___ CLOSED _X
CONDITION OF FOUNDATION:

GOOD __ X FAIR POOR

OUTLET SCOUR:

SEVERE _ MODERATE _ NEGLIGIBLE X
CULVERT STREAM SURFACE:

METAL _ CONCRETE ___ NATURAL X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: Since the culvert is depressed approximately 1 foot below the

natural stream bed, small boulders, cobbles, and gravels have been

periodically placed within the culvert barrel without significantly

restricting the natural stream flow., This installation, thus, provides

velocity and depth characteristics similar to the natural stream

channel. In general, this is a good installation from the perspective of

the highway facility and in terms of fish passage characteristics.
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REF. NO, 12-C
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REF. NO. 12-D

FISH PASSAGE

EVALUATION FORM
DATE: 11/17/87 DATA BY: Bill Howard, James Bryant
STREAM: Ruby Creek ODF&W REP.: Errol Claire

LOCATION: Middle Fork John Day River Road, Grant County; T11S, R34E, Section 6

TYPE OF INSTALLATION: Corrugated Metal Arch

DIMENSIONS: SPAN 8' RISE 4’ DIAM,

LENGTH 60'

GRADIENT 0,030 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/chinook,

adults and juveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE ___ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD _ X FAIR ___ POOR
4.  COMMENTS:
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1.

2.

CULVERT CONDITION:

CULVERT CAPACITY:

TYPE OF CULVERT FOUNDATION:

CONDITION OF FOUNDATION:

OUTLET SCOUR:

CULVERT STREAM SURFACE:

REF. NO. _ 12-D

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

GOOD X FAIR POOR

GOOD FAIR X POOR

METAL FOOTING X CONCRETE FOOTING CLOSED

GOOD FAIR X POOR

SEVERE MODERATE NEGLIGIBLE X

METAL CONCRETE NATURAL X

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

COMMENTS: In general, this is a good culvert installation. However, a

pipe-arch could have heen installed at this site. With a pipe arch,

foundation does not have to be set on bedrock or below the scour depth

for large flood events.
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REF, NO. 12-D

12Da - Culvert Outlet

12Db - Typical Stream Channel
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REF. NO. 12-E
FISH PASSAGE
EVALUATION FORM
DATE: 11/17/87 DATA BY: Bil1l Howard, James Bryant
STREAM: Big Creek ODF&W REP.: Errol Claire

LOCATION: Middle Fork John Day River Road, Grant County; T9S, R31E, Section 21

TYPE OF INSTALLATION: Structural Plate Pipe-Arch

DIMENSIONS: SPAN 12 RISE 7' DIAM,

LENGTH 59'

GRADIENT 0.044 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/chinook, adults

and juveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE __ NONCRITICAL
3.  EVALUATION OF INSTALLATION:
GOOD X FAIR ___ POOR
4.  COMMENTS:
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REF, NO. 12-E

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1. CULVERT CONDITION:
GOOD FAIR POOR X

2. CULVERT CAPACITY:

GOOD ____ FAIR _X__ POOR
3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ X __ CONCRETE FOOTING ___ CLOSED
4.  CONDITION OF FOUNDATION:

GOOD FAIR POOR X

5.  OUTLET SCOUR:

SEVERE MODERATE X  NEGLIGIBLE

6.  CULVERT STREAM SURFACE:
METAL __ CONCRETE __ NATURAL _ X

7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

8, COMMENTS: The existing arch should be replaced with an oversized struc-

tural plate pipe. The pipe invert could be set below the existing stream

gradient and backfilled with natural stream bed material, This

alternative would provide the same positive fish passage characteristics

as the existing facility while eliminating the possibility of scour

failure that currently exists at the site. Also, boulder clusters or log

weirs may be required to reduce culvert velocities at the pipe outlet.
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REF. No. ]Z-E

12Ea - Culvert Barrel

12Eb - Typical Stream Channel
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REF. NO. _12-F

FISH PASSAGE

EVALUATION FORM
DATE: 11/18/87 DATA BY: Bill Howard, James Bryant
STREAM: Indian Creek ODF&W REP.: Errol Claire

LOCATION: Middle Fork John Day Road, Grant County; T9S, R32E, Section 7

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 12 RISE 7' DIAM,

LENGTH 47’

GRADIENT  0.034 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/chinook, adult and

juveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE ___ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD X FAIR ___ POOR
4.  COMMENTS:
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REF, NO. 12-F

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:
GOCD FAIR POOR X

2.  CULVERT CAPACITY:
GOOD FAIR X POOR

3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ X CONCRETE FOOTING __ CLOSED
4, CONDITION OF FOUNDATION:

GOOD _ FAIR POOR X

5.  OUTLET SCOUR:

SEVERE __ MODERATE _ X  NEGLIGIBLE
6.  CULVERT STREAM SURFACE:

METAL _ CONCRETE ____ NATURAL _ X

7.  CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE X INCOMPATIBLE

8. COMMENTS: The existing arch should be replaced with an oversized

structural plate pipe. The pipe invert should be set below the existing

stream bed gradient and backfilled with natural stream bed material.,

This alternative would provide the same positive fish passage

characteristics as the existing facility while eliminating the

possibility of scour failure that currently exists at the site. Also,

boulder clusters or Tog weirs may be required to reduce culvert

velocities at the pipe outlet.
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REF, NO, 12-F

12Fb - Typical Stream Channel
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REF, NO, 12-G

FISH PASSAGE
EVALUATION FORM

DATE: 11/18/87 DATA BY: Bill Howard, James Bryant

STREAM: Granite Creek ODF&W REP.: Errol Claire

LOCATION: US 395, Grant County; T8S, R31E, Section 17

TYPE QOF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 12.8' RISE 5.3' DIAM,

LENGTH 74!

GRADIENT 0.012 foot/foot
SPECTIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITIQN OF SPECIES: Rainbow/steelhead/chinook

adults and juveniles

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE ___ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD X FAIR ____ POOR
4,  COMMENTS:
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REF. NO. 12-G

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

-l.

CULVERT CONDITION:
GOOD FAIR X POOR

CULVERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING ___ CONCRETE FOOTING _ X _ CLOSED
CONDITION OF FOUNDATION:

GOOD __ FAIR POOR __X

OUTLET SCOUR:

SEVERE _ MODERATE _ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL _ CONCRETE __ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X _ INCOMPATIBLE

COMMENTS: If the existing arch footings are not set on bedrock, then the

arch should be replaced with an oversized structural plate pipe or

pipe-arch. The pipe invert should be set below the existing stream bed

gradient and backfilled with natural stream bed material. This

alternative would provide the same positive fish passage characteristics

as the existing facility while eliminating the possibility of scour

failure that currently exists at the site.
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REF, NO. 12-G

12Ga - Culvert Barrel

12Gb - Typical Stream Channel
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REF. NO. 12-H

FISH PASSAGE

EVALUATION FORM
DATE: 11/18/87 DATA BY: Bill Howard, James Bryant
STREAM: Granite Creek ODF&W REP.: Errol Claire

LOCATION: US 395, Grant County; T8S, R31E, Section 17

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSTIONS: SPAN 13.1" RISE 6.8 feet" DIAM.

LENGTH _ 72'

GRADIENT 0,015 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITIQN OF SPECIES: Rainbow/steelhead/chinook, adults and

Jjuveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE _ NONCRITICAL
3.  EVALUATION OF INSTALLATION:
GOOD _X  FAIR ___ POOR
4,  COMMENTS:
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REF. NO. ]2-H

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GOOD FAIR X POOR

CULVERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING _ X _ CLOSED
CONDITION OF FOUNDATION:

GOOD __ FAIR POOR _ X

OUTLET SCOUR:

SEVERE ____ MODERATE _ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL _ CONCRETE ___ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: The arch should be replaced with an oversized structural plate

pipe or pipe-arch, The pipe invert should be set below the existing

stream bed gradient and backfilled with natural stream bed material.

This alternative would provide the same positive fish passage

characteristics as the existing facility while eliminating the

possibility of scour failure that currently exists at the site,

B-89



SHEET 3 OF 3
REF. NO. 12"'H

12Ha - Culvert Barrel

12Hb - Typical Stream Channel
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REF. NO. 12-I

FISH PASSAGE
EVALUATION FORM

DATE: 11/19/87 DATA BY: Bi11 Howard, James Bryant
STREAM: Granite Creek QDF&W REP.: Errol Claire

LOCATION: US 395, Grant County; T8S, R31E, Section 30

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 13.2° RISE 6.9' DIAM.

LENGTH 1111

GRADIENT 0,022 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Rainbow/steelhead/chinook, adults and

juveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE __ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD _ X FAIR ____ POOR
4,  COMMENTS:
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EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

5.

CULVERT CONDITION:
GOOD FAIR POOR X

CULVERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING CONCRETE FOOTING X CLOSED
CONDITION OF FOUNDATION:
GOOD FAIR POOR X

OUTLET SCOUR:

SEVERE MODERATE NEGLIGIBLE X

CULVERT STREAM SURFACE:
METAL CONCRETE NATURAL X

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE X INCOMPATIBLE

COMMENTS: The arch should be replaced with an oversized structural plate

SHEET 2 OF 3

REF. NO.

12-1

pipe or pipe-arch, The pipe invert should be set below the existing

stream bed gradient and backfilled with natural stream bed material. This

alternative would provide the same positive fish passage characteristics

as the existing facility while eliminating the possibility of

failure that currently exists at the site.
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REF. NO. ]2'1

121a - Culvert Barrel

12Ib - Typical Stream Channel
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REF. NO. 12-J

FISH PASSAGE

EVACTRTION FORM
DATE: 11/22/87 DATA BY: Bill Howard, James Bryant
STREAM: Sunflower Creek ODF&W REP.: Errol Claire

LOCATION: 15 miles east of Paulina, Grant County; T16S, R27E, Section 19

TYPE OF INSTALLATION: Structural Plate Pipe-Arch

DIMENSTONS: SPAN 17.3" RISE 10’ DIAM,

LENGTH 87’

GRADIENT 0.037 foot/foot

SPECIAL FEATURES: Baffles installed on 12 foot spacings

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Wild Rainbow (Redbands), adults and

juveniles

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:

CRITICAL X MODERATE NONCRITICAL
3.  EVALUATION OF INSTALLATION:

GOOD X FAIR POOR

4, COMMENTS: Must also accommodate steelhead once South Fork Falls is

laddered. Presently being reviewed by BPA,
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REF, NO. _12-J

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1. CULVERT CONDITION:

GOOD _ X FAIR POOR
2. CULVERT CAPACITY:

GOOD X FAIR POOR
3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING _ CONCRETE FOOTING __ CLOSED _ X

4. CONDITION OF FOUNDATION:
600D X FAIR POOR

5.  OUTLET SCOUR:

SEVERE _ MODERATE _ NEGLIGIBLE _ X
6.  CULVERT STREAM SURFACE:

METAL _ CONCRETE __ NATURAL _ X

7.  CULVERT HYDRAULICS V., NATURAL STREAM HYDRAULICS:
COMPATIBLE X INCOMPATIBLE

8. COMMENTS: In general, this is a good installation., The baffles aid in the

retention of boulder, gravel, and cobble deposits within the barrel. The

culvert barrel area is sufficient to pass wooded debris while the baffies

do not appear to collect floating debris. Finally, the baffles appear to

be the appropriate height for permitting fish passage during Tow flow

periods.

B-95



SHEET 3 OF 3
REF. NO, 12-J

12Ja - Culvert Outlet

12db - Typical Stream Channel
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REF. NO. 11-A

FISH PASSAGE

EVALUATION FORM
DATE: 11/23/87 DATA BY: Bili Howard, James Bryant
STREAM: Marks Creek ODF&W REP.: Ed Schwartz

LOCATION: 25 miles east of Prineville on US 26, Wheeler County; T13S, RI9E,

Section 17

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 18° RISE 8,8' DIAM,

LENGTH 53'

GRADIENT 0.0027 foot/foot

SPECIAL FEATURES: Open bottom arch., Log weirs placed upstream and down-

stream from culvert.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1.  TYPE AND CONDITION OF SPECIES: Fair population of rainbow trout in

some years when steamflows are adequate.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ MODERATE _ X NONCRITICAL
3.  EVALUATION OF INSTALLATION:
GOOD _ X FAIR ___ POOR

g, COMMENTS: Conditions under this culvert resemble the natural state

very closely.
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REF, NO. 11-A

EVALUATION OF CULVERT INSTALLATION 3Y WFLHD PERSONNEL:

1.

CULVERT CONDITION:
GOOD X FAIR POOR

CULYERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:
METAL FOOTING X CONCRETE FOOTING CLOSED

CONDITION OF FOUNDATION:
GOOD FAIR X POOR
QUTLET SCOUR:

SEVERE MODERATE NEGLIGIBLE X

CULVERT STREAM SURFACE:
METAL CONCRETE NATURAL X

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE X INCOMPATIBLE

COMMENTS: The natural steam bed surface within the culvert barrel pro-

vides depth and velocity characteristics similar to the natural stream

channel. Thus, the fish passager characteristics are good at this site.

Overall, this is a good culvert installation.
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11Aa - Culvert Outlet

11Ab - Typical Stream Channel
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REF. NO, 10-A
FISH PASSAGE
EVALUATION FORM
DATE: 11/23/87 DATA BY: Bill Howard, James Bryant
STREAM: Brown's Creek ODF&W REP.: Ted Fies

LOCATION: Tributary to Wickiup Reservoir, Deschutes County; T21S, R8E,

Section 29

TYPE OF INSTALLATION: Structural Plate Pipe-Arch

DIMENSIONS: SPAN 12.6' RISE 9.4’ DIAM,

LENGTH 76'

GRADIENT 0,005 foot/foot

SPECIAL FEATURES: Culvert appears to be depressed below the natural stream

bed.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
1. TYPE AND CONDITION OF SPECIES: Spawning brown trout, spawnin kokanee

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE ___ NONCRITICAL
3.  EVALUATION OF INSTALLATION:
GOOD X FAIR __ POOR

4, COMMENTS: The Brown's Creek arch culvert has worked extremely well.

It poses absolutely no problems for adult fish or juvenile fish

moving up or downstream.
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REF, NO. 10-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

‘l.

CULVERT CONDITION:
GOOD X FAIR POOR

CULYERT CAPACITY:
GOOD X FAIR POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING __ CLOSED X
CONDITION OF FOUNDATION:

GOOD X FAIR POOR

QUTLET SCOUR:
SEVERE MODERATE NEGLIGIBLE X

CULVERT STREAM SURFACE:

METAL _ CONCRETE ___ NATURAL X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: Although some of the pipe invert metal is exposed, the flat

gradient and the sporadic deposition of natural stream bed materials

within the culvert barrel provide depth and velocity characteristics

similar to the natural stream channel, Thus, the fish passage

characteristics are good at this site. Overall, this is a good culvert

installation.
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10Aa - Culvert Inlet

10Ab - Typical Stream Channel
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REF. NO. 2-A
FISH PASSAGE
EVALUATTON FORM
DATE: 11/27/87 DATA BY: Bill Howard, James Bryant
STREAM: Lowe Creek ODF&W REP.: Jay Massey
LOCATION: FS Road 4671, Clackamas County; T7S5, R73, Section 24

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 21,7’ RISE 1.7° DIAM,

LENGTH 72"

GRADIENT 0.05 foot/foot

SPECIAL FEATURES: Open bottom arch with boulders placed inside the barrel.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1.

TYPE AND CONDITION OF SPECIES: Small runs of Coho salmon and winter

steelhead. Also, resident trout in the system.

IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X MODERATE NONCRITICAL

*Critical for salmon and steelhead; important for resident trout.

EVALUATION OF INSTALLATION:
GOOD X FAIR POOR
COMMENTS: Excellent open bottom arch installation,
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REF, NO, 2-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1. CULVERT CONDITION:
GOOD _ FAIR _X__ POOR
2. CULVERT CAPACITY:
600D X FAIR ____ POOR
3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING _ CONCRETE FOOTING _ X _ CLOSED
4,  CONDITION OF FOUNDATION:
G0OD  FAIR ____ POOR X
5. OUTLET SCOUR:

SEVERE MODERATE X NEGLIGIBLE

6.  CULVERT STREAM SURFACE:
METAL CONCRETE NATURAL X
7.  CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

8. COMMENTS: In general, the above culvert is a good highway and fish pass-

age installation. However, open bottom arches with shallow foundations

are susceptible to scour if not placed on nonerodible materials (i.e.,

bedrock). If this foundation requirement cannot be met, then a pipe

culvert with its metal invert depressed below the natural stream bed

gradient should be installed at these types of locations.
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2Ab - Typical Stream Channel
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REF. NO. 2-B
FISH PASSAGE
EVACUATTON FORM
DATE: 11/28/87 DATA BY: Bill Howard, James Bryant
STREAM: Poop Creek ODF&W REP.: Jay Massey

LOCATION: On FS Road 42, east of Camp Creek Road, Clackamas County; T7S, R8E,

Section 9

TYPE OF INSTALLATION: Corrugated Metal Pipe

DIMENSIONS: SPAN RISE DIAM, 4’

LENGTH 50’

GRADIENT  0.059 foot/foot

SPECIAL FEATURES: Man-made pools were built at inlet and outlet with log

barriers.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: We don't have good inventory infor-

mation on Poop Creek. May have a few Coho salmon and winter steel-

head in the stream. Resident trout are in the system.

2.  IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL X* MODERATE NONCRITICAL
Critical for salmon and steelhead; important for resident trout.

3.  EVALUATION OF INSTALLATION:

GOOD FAIR X POOR

4, COMMENTS: Passage okay. Gradient a little steep for good fish

passage.
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REF. NO. _2-B

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:
1. CULVERT CONDITION:

GOOD X FAIR POOR
2. CULVERT CAPACITY:

GOOD X FAIR POOR
3. TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING __ CLOSED _ X

4, CONDITION OF FOUNDATION:
GOOD X FAIR POOR

5. OUTLET SCOUR:
SEVERE _ MODERATE _ X__ NEGLIGIBLE
6.  CULVERT STREAM SURFACE:
METAL _ X CONCRETE ___ NATURAL

7.  CULVERT HYDRAULICS V., NATURAL STREAM HYDRAULICS:

COMPATIBLE INCOMPATIBLE X
8. COMMENTS: The pipe metal invert and the steep pipe slope {i.e., 0.059

foot/foot) induce stream velocities through the culvert facility that are

2 to 3 times greater than the stream velo¢ities encountered in the

natural channel cross section. Also scour was observed at the pipe

outlet due to these high velocities. Thus, the pipe culvert may inhibit

passage of fisheries during high runoff periods., If the culvert were to

be replaced in the future, the culvert would reguire oversizing for the

placement of baffles and/or natural stream bed materials such as gravels

and small boulders to sufficiently reduce stream velocities at the

culvert facility. Furthermore, the short culvert length of 50 feet may

permit passage of fish under flow conditions that otherwise would not

occur in a Tonger culvert length. Thus, if the pipe culvert is

lengthened during the replacement process, the stream velocities within

the culvert barrel may require further reduction to compensate for the

additional length the fishery must traverse at the culvert site.
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REF. NO. 2-B

2Ba - Culvert Inlet

2Bb - Typical Stream Channel
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REF. NO. 3-A
FISH PASSAGE
EVACUATION FORM
DATE: 12/1/87 DATA BY: Bill Howard, James Bryant
STREAM: Pine Creek ODF&W REP.: John Haxton

LOCATION: 18 miles south of Molalla, Clackamas County; T6S, R3E, Section 27

TYPE OF INSTALLATION: Corrugated Metal Pipe

DIMENSIONS: SPAN RISE DIAM, 7.5

LENGTH 46'

GRADIENT 0.026 foot/foot

SPECIAL FEATURES: An additional 36 inch diameter pipe has been installed for

flood relief. The flood relief pipe does not have any special features for

fish passage.

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1. TYPE AND CONDITION OF SPECIES: Resident cutthroat trout

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL __ MODERATE ___ NONCRITICAL X
3. EVALUATION OF INSTALLATION:
GOOD X  FAIR ___ POOR

4, COMMENTS: Pine Creek was surveyed this year. This structure was

surveyed August 4th, No log weirs were observed.
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EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

5.

6.

CULVERT CONDITION:
GOOD FAIR X POOR

CULVERT CAPACITY:
GOOD FAIR X POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING __ CONCRETE FOOTING __ CLOSED
CONDITION OF FOUNDATION:

GOOD X FAIR POOR

OUTLET SCOUR:

SEVERE __ X MODERATE _ NEGLIGIBLE
CULVERT STREAM SURFACE:

METAL X__ CONCRETE __ NATURAL

CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE __ INCOMPATIBLE X

COMMENTS: The metal invert and steep gradient create barrel velocities

SHEET 2 OF 3

REF. NO.

.

3-A

that are nearly double the velocities in the natural stream channel,

Also, a 2 to 3 foot deep scour hole that may impede fish passage at lower

flows., However, the short pipe length and a natural beaver pond below

the pipe may permit the passage of fish through the installation.

In general, this is not a good installiation for the passage of fish.

the pipe were replaced and/or lengthened, fish passage would be difficult

under the current circumstances. Also, there is no guarantee that the

beaver pond will remain in place.
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3Ab - Typical Stream Channel
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REF. NO. 7-A
FISH PASSAGE
EVALUATION FORM
DATE: 12/8/87 DATA BY: Bill Howard, James Bryant
STREAM: Haight Creek ODF&W REP.: Jerry MaclLeod

LOCATION: Upper Siuslaw River Tributary, Lane County; T195, R7d, Section 34

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 18.2' RISE 8.9' DIAM.

LENGTH 69*

GRADIENT 0.0015 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:
1. TYPE AND CONDITION OF SPECIES: Anadromous and resident salmonids.

Including chinook and coho salmon and cutthroat and steelhead trout.

Would not affect condition of species.

2. IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE ___ NONCRITICAL
3. EVALUATION OF INSTALLATION:
GOOD _ X _ FAIR ___ POOR

4, COMMENTS: Access to stream good at most flows, except extreme low

summer time. Metal of culvert beginning to corrode near waterline, but

concrete sil]l shows no sign of wear, No buildup of gravel or other

material. Soft sandstone bedrock bottom. Bridge was offset from normal

stream channel by 15 feet on upstream end. Bridge should have been

placed more directly in-line with stream flow, Some erosion noted at

this point, probably due to creation of back eddy.
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REF. NO., 7-A

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.  CULVERT CONDITION:
GOOD FAIR X POOR

2.,  CULVERT CAPACITY:
GOOD X FAIR POOR

3. TYPE OF CULVERT FOUNDATION:
METAL FOOTING CONCRETE FOOTING X CLOSED

4, CONDITION OF FOUNDATION:
(000D FAIR X POOR

5.  OQUTLET SCOUR:

SEVERE _ MODERATE _ NEGLIGIBLE _ X
6.  CULVERT STREAM SURFACE:

METAL _ CONCRETE __ NATURAL _ X
7. CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:

COMPATIBLE X INCOMPATIBLE

8. COMMENTS: This open bottom arch is a good installation overall. However,

the concrete footings appear to be located on sandstone. Thus, scour at

the foundations may be a problem.
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7Ab - Typical Stream Channel
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REF, NO. 7-B
FISH PASSAGE
EVALUATION FORM
DATE: 12/8/87 DATA BY: Bill Howard, James Bryant
STREAM: Eames Creek ODF&W REP.: Jerry Macleod
LOCATION: Wolf Creek Tributary, Lane County; T19S, R6W, Section 7

TYPE OF INSTALLATION: Structural Plate Arch

DIMENSIONS: SPAN 13,8’ RISE 6.9' DIAM,

LENGTH 56'

GRADIENT 0,002 foot/foot

SPECIAL FEATURES: Open bottom arch

EVALUATION OF PASSAGE FACILITIES BY ODF&W PERSONNEL:

1.

TYPE AND CONDITION OF SPECIES: Anadromous and resident salmonids.

Including chinook and coho salmon and cutthroat and steelhead trout.

Would not affect condition of species.

IMPORTANCE OF INSTALLATION TO SUBJECT SPECIES:
CRITICAL _ X MODERATE __ NONCRITICAL
EVALUATION OF INSTALLATION:

GOOD _X  FAIR ___ POOR

COMMENTS: Access to stream good at most flows, even extremely low

flows. MNo build-up of gravel or other material. Soft sandstone

bedrock bottom,

Bridge not constructed directiy in-line with stream, but off 20 to

30 degrees to left as you Jook downstream. Rip-rap material

prevents any damage to stream banks,
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REF. NO. ?-B

EVALUATION OF CULVERT INSTALLATION BY WFLHD PERSONNEL:

1.

7.

CULVERT CONDITION:
GOOD FAIR X POOR

CULVERT CAPACITY:

GOOD __ FAIR _X__ POOR

TYPE OF CULVERT FOUNDATION:

METAL FOOTING ___ CONCRETE FOOTING X CLOSED
CONDITION OF FOUNDATION:

GOOD __ FAIR _X__ POOR

QUTLET SCOUR:

SEVERE __ MODERATE _ NEGLIGIBLE _ X
CULVERT STREAM SURFACE:

METAL _ CONCRETE ___ NATURAL _ X
CULVERT HYDRAULICS V. NATURAL STREAM HYDRAULICS:
COMPATIBLE _ X INCOMPATIBLE

COMMENTS: This open bottom arch is a good installation overall. However,

the concrete footings appear to be located on sandstone,

Thus, scour at

the foundations may be a problem.
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REF. ND. 7-B

= T g .
7Ba - Culvert Outlet

7Bb - Typical Stream Channel
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APPENDIX C
STREAM HYDROLOGY



LIST OF SYMBOLS AND DIMENSIONS

Q2 Two year flood, in cubic feet per second (cfs)

Q5 Five year flood, in cubic feet per second (cfs)

Q10 Ten year flood, in cubic feet per second {cfs)}

Q25 Twenty~five year flood, in cubic feet per second (cfs)
Q50 Fifty year flood, in cubic feet per second {cfs)

Q100 One hundred year flood, in cubic feet per second (cfs)
P Mean annual precipitation, in inches

F Percent of basin forest

I Precipitation intensity, in inches

ST Area of lakes and ponds, in percent

TI Mean basin January minimum temperature, in degrees

L Length of channel, in miles
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SUMMARY OF HYDROLOGIC COMPUTATIGNS

*i*kt*********i***********ti******t********iit*****ti*******t**i****i**#it**t*******************t**tt****t*t*************tt********************

EASTERN OREGON
HORTHEAST REGION 2

*****t**************************************t**************i&***t*#*t***************************************t***************************i*i**t*

A P F Q2 Q5 Q10 Q25 050 0100
LOCATION LAT. LONG. $Q. MI.  INCHES  PERCENT  CFS CFS CFS CFS CFS CFs_
SUNFLOWER 44-16.0  119-35.0  22.60 20,00 50.00 133 231 303 395 486 565
GRANITE 44-53.0  119-01.0 11.40 20.00 50.00 76 134 178 233 289 336
GRANITE 44-51.5  119-02.0 14.50 20.00 50.00 93 162 214 281 347 403
RUBY 44-38.0  118-40.0  5.50 20.00 50.00 42 76 101 133 166 193
INDIAN 44-47.5  118-55.0 23.50 25.00 50.00 186 303 387 40 592 677
BIG 44-46.0  118-52.5 30.70 25.00 50.00 232 375 477 602 725 830
CANYON 44-13.5  118-51.0 27.80 25.00 50.00 214 346 44) 558 673 770
MF. CAN 44-13,3  118-50.5 11.90 25.00 50.00 107 177 228 290 353 404
CANYOR 44-13.0  118-50.0 11.50 25.00 50.00 104 173 222 283 344 394
MOTTET 45-47.0  117-56.0 10.80 30.00 50.00 126 200 251 313 376 425
L. LOOKING 45-47.0  117-53.0 18.20 30.00 50.00 194 302 378 468 559 631
TAMARACK 45-42.0  116-55.5  2.00 15.00 70.00 N 22 31 43 55 65
S.F. CHESNIMUS 45-44.0  116-54.5  4.80 15.00 70.00 23 45 62 g4 107 126
CAMP 45-33.0  116-50.5 48.20 15.00 70.00 153 278 373 497 619 729
CHESNIMUS 45-40.0  116-57.0 25.50 15.00 70.00 91 168 227 304 381 449
CROW 45-42.5  117-09.5 §5.80 12.50 70.00 135 256 357 478 603 719
GUMBOOT 45-11.0  116-52.5 18.80 25.00 70.00 142 230 292 368 444 504
DEVIL'S RUN  45-46.5  {16-55.5  6.10 15.00 70.00 28 54 74 101 129 151
BILLY 45-46,0  116-59.5 10.70 15.00 70.00 a5 85 115 156 197 232
DOE 45-45.0  117-01.0  5.30 15.00 70.00 25 49 67 91 116 136
ELK 45-42.5  117-09.5 25.50 12.50 70.00 71 138 191 261 333 397
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SUMMARY OF HYDROLOGIC COMPUTATIONS
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NORTH CENTRAL REGION 3

Addkede e d ok Aot dede ok ekt o s kodo e de et de e de ek ek ok e e ek ok e e i e d e e kAot S o ek 9 sk e o sk e sk ok e B ok e e 3 ook e e g ke sk vk ok e ek s e ek e e o e ek e e ek ek ok ek ko

A P TI Q2 a5 q10 Q25 Q50 Q100
LOCATION LAT. LONG. $Q. MI.  INCHES  DEGREES  CFS CFs CFS CFS CFS CFS_
MARK 44-27.0  120-27.5 29.10 25.00 16.00 16 241 330 481 595 757
MEACHAM 44-30.5  118-25.0 16.20 20.00 18.00 74 172 250 387 499 655
MEACHAN 44-30.6  118-24.5 22,20 20.00 18.00 96 219 316 486 622 814
MEACHAM 44-30.6  118-24.4 22.30 20.00 18.00 96 220 317 487 624 816
MEACHAM 44-30.6  118-24.0 22.40 20.00 18,00 96 221 318 489 626 819
SHEEP 44-30.6  118-23.§  3.00 20.00 18.00 19 48 72 18 153 204
POLALLIE 45-25.0  121-34.0  4.33 90.00 26.00 423 647 772 952 1088 1276

*************i*********************************************************************************************************i******************i****

EASTERN CASCADES REGION 4

e e ek ek oy e e e e e s e e e s s ke o g e e ok e e A e ok ook ke e o ek g s ko e e e e ok ok e ke sk e g ok e o T o e ek e ok e e e ook e e ook e dede ek ok de s de e e kg ke A wr e ek e ek ek ke

P L 02 Q5 Q10 025 050 Q100
LOCATION LAT. LONG. INCHES ~ MILES CFs CFS CFS CFs CFS CFS
BROWN 43-43.0  121-48.0  25.00 13.00 98 180 249 333 412 560

ke sk e e ok ook o e A oo e e ek ek e ek e o e e ok sk i e e ok s e s ok ok s o ek s e ke ke ke R e d e e e Tk e ok e ek e o ok e ok e ek o ok o e ok e T e oo dr o ek s ke e sk ke Rk ek ek

WESTERN OREGON
COAST REGION 1

3k e e e ke e e e 3 ke ke e ek e ok ok ok ok sk s e ol ke ok ok ke ke o e ok ke sk s ke ek sk o ok i ok sk e ok e ek ok s e ek ok ok sk ki e sk e ok ke ke ek sk ok e ke sk s v ok ke o e e ko ke ok s o R ok ke ok i e o o ek o e i o ok ok o e e ke o ok ok e ke ok e

A I ST Q2 Q5 Q10 025 Q50 Q100
LOCATION LAT. LONG. SQ. MI.  INCHES  PERCENT  CF$ CFS CFs CFS CFS CFS
HAIGHT 43-52.5  723-30.0  4.00 3.50 0.00 190 269 318 382 438 481
EAMES 43-57.5  123-27.0  5.20 3.75 0.00 279 395 466 560 642 704
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SUMMARY OF HYDROLOGIC COMPUTATIONS
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WILLAMETTE REGION 2

Fede ek e e de dedrde e ek kA A ek ke ke kR kR Ak kA Ak kR AR RR KRRk kR kAR Ak kR R R Rk KRk K Rk Rk ket e ek kR R ok ke dod e dedede e A ke ek ok dodod dek ek ek dehd ok A kodrok ke ke ke ok ke

A I Q2 Q5 Q10 Q25 Q50 Q100
LOCATION LAT. LONG, $Q. MI,  INCHES  CFS CFS CFS CFs CFS CFS_
PINE 45-01.0  122-25.0  4.00 3.50 248 368 454 571 664 760
LOWE 44-57.5  121-52.5  6.80 3.75 442 654 800 100) 1160 1322
PoOP 44-57.5  121-50.5  1.74 3.75 135 197 241 302 350 398
MT. SCOTT 45-26.0  122-32.5  2.65 2.70 k! 171 216 279 329 383
cooL 45-17.5  121-53.0 1.5 4.00 144 208 253 315 363 412
LOST 45-22,5  121-50.0  3.20 4.00 256 372 453 563 650 738
NEWELL 45-21.0  122-35.0  2.10 2.75 94 144 181 233 275 319
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NATURAL STREAM CHANNEL HYDRAULICS

(1 (Q) (B) (ZF) (z8) (N} (s} {D) {v) (1D} (RS)

RETURN RUNOFF BOTTOM FORE BACK MANNINGS DITCH FLOW SHEAR RIPRAP

INTERVAL Q WIDTH SLOPE SLOPE ROUGHNESS  SLOPE DEPTH VELOCITY  STRESS SIZE

STREAM NAME YEARS CFS FEET HOR UNIT  HOR UNIT N FT/FT FEET FPS LB/F12 D50,FF
MT SCOTT 2 110.00 10.00 2.50 2.00 0.045 0.0175 1.70 4,68 1.86 0.37
MT SCOTT 50 329,99 10,00 2.50 2,00 0.045 0.0175 3.00 6.57 3.28 0.66
NEWELL 2 96.73 13.00 3.50 1.50 0.045 0.0100 1.60 3.56 1.00 0.20
NEWELL 50 278.10 13.00 3.50 1.50 0.045 0.0100 2.80 4.97 1.75 0.35
cooL 2 145,63 6.00 4.00 2.00 0.045 0.0100 2.50 4.31 1.56 0.31
cooL 50 364.07 6.00 4.00 2.00 0.045 0.0100 3.80 5,57 2.37 0.47
LOsT 2 258.04 18.00 1.00 4.00 0.045 0.0140 2.10 5.28 1.83 0.37
LOST 50 651.24 18.00 1.00 4.00 0.045 0.0140 3.50 6.96 3.06 0.61
POLLALIE 2 424.59 4.00 4.50 0.045 0.0430 3.30 9.17 8.85 1.77
- POLLALIE 50 1090.91 4.00 4.50 0.045 0.0430 4.70 11.62 12.61 2.52
MOTTET 2 125.52 3.00 8.00 3.00 D.045 0.0500 1.60 6.65 4.99 1.00
MOTTET 50 375.00 3.00 8.00 3.00 0.045 0.0500 2.50 8.96 7.80 1.56
LOOKING GLASS 2 193.70 6.67 46.67 0.045 0.0224 1.40 3.71 1.96 0.39
LOOKING GLASS 50 557.85 6.67 46.67 0.045 0,0224 2.10 4.74 2.94 0.59
TAMARACK GULCH 3 11.00 5.00 7.00 0.040 0.0326 0.80 2.87 1.63 0.33
TAMARACK GULCH 50 55.01 5.00 7.00 0.040 0.0326 1.40 4.58 2.85 0.57
S.F. CHESNIMUS 2 23.24 7.00 9.00 3.50 0.040 0.0300 0.60 3.60 1.12 0.22
S.F. CHESNIMYS 50 103.82 7.00 9.00 3.50 0.040 0.0300 1.30 5.28 2,43 0.49
DEYILS RUN 2 27.89 5.00 5.00 5.00 0.040 0.0160 0.90 3.26 0.90 0.18
DEVILS RUN 50 128.62 5.00 5.00 5.00 0,040 0.0160 1.90 4.67 1.90 0.38
BILLY CREEK 2 44.94 6.00 1.00 1.50 0.040 0.0200 1.30 4.53 1.62 0.32
BILLY CREEX 50 125.52 6.00 1.00 1.50 0.040 0.0200 2.20 6.52 2.75 0.55
CAMP CREEK 2 153.41 10.0G 3.50 1.75 0.040 0.0267 1.60 6.75 2.67 0.53
CAMP CREEK 50 619.83 10.00 3.50 1.75 0.040 0.0267 3.30 " 10.06 5.50 1.70
DOE CREEK Z 24.79 8.00 Z2.00 1.00 0.040 0.0250 0.70 3.9 1.09 0.22
DOE CREEK 50 116.22 8.00 2.00 1.00 0.040 0.0250 1.70 6.48 2.65 0.53
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STREAM NAME

GUMBDOT CREEK
GUMBOOT CREEK
ELK CREEK

ELK CREEK
CHESNIMUS CREEK
CHESNIMUS CREEK
CROW CREEK

CROW CREEK

MEACHAM NO, 1 CRK
MEACHAM NO. T CRK
CRK
MEACHAM NO. 6 CRK
CRK
CRK
CRK
CRK

MEACHAM KO,

o

MEACHAM NG.
MEACHAM NO.
MEACHAM NO.
MEACHAM NO.
SHEEP CREEK
SHEEP CREEK

L =R

CANYON CREEK NO.
CANYON CREEK NO.

MF CANYON CREEK
MF CANYON CREEK

CANYON CREEK NC. 3
CANYON CREEK NO, 3

RUBY CREEK
RUBY CREEK

NATURAL STREAM CHANNEL HYDRAULICS

(T) (Q) (B) (ZF) (7B) (N (s) (D) (v} (TD) {RS)
RETURN  RUNOFF  BOTTOM FORE BACK MANNINGS  DITCH FLOW SHEAR RIPRAP
INTERVAL Q WIDTH SLOPE SLOPE ROUGHNESS  SLOPE DEPTH VELOCITY  STRESS SIZE
YEARS CFS FEET HOR UNIT  HOR UNIT N FT/FT FEET FPS LB/FT2 D50,FT

2 141.79 5,00 15,00 7.00 0.045 0.0230 1.50 4.40 2.15 0.43

50 441.63  5.00 15.00 7.00 0.045 0.0230  2.40 5.86 3.44 0.69

2 71.28 15,00 0.75 10.00 0.045 0.0790 1.00 3.50 1.19 0.24

50 333.16 15,00 0.75 10.00 0.045 0.0190  2.20 5.65 2.61 0.52

2 91.43 8,00 5.00 7.50 0.040 0.0100 1.50 3.51 0.94 0.19

50 381.20  8.00 5.00 7.50 0.040 0.0100  2.90 5.03 1.81 0.36

2 134,81 2.50 3.50 0.040 0.0730 3,00 4.99 2.43 0.49

50 602,79 2,50 3.50 0.040 ¢.07130 5,20 7.43 4.22 0.84

2 74.38  10.00 1.50 1.50 0.045 0.0700 1.60 3.75 1.00 0.20

50 500,52  10.00 1.50 1.50 0.045 0.0100  4.50 6.64 2.81 0.56

2 94,52  9.00 3.25 2.50 0.045 0.0150 1.60 4.34 1.50 0.30

50 624.48  9.00 3.25 2.50 0.045 0.0150  4.10 7.33 3.84 0.77

2 94.52  10.00 2.50 2.00 0.045 0.0240 1.40 5.13 2.10 0.42

50 624,48  10.00 2.50 2,00 0.045 0.0240  3.80 8.86 5.69 1.14

2 94.52 10,00 2.50 1.50 0.045 0.0180  1.50 4.85 1.68 0.34

50 624.48 10,00 2.50 1.50 0.045 0.0180  4.10 8.37 4,61 6.92

z 20,14  6.00 0.33 0.67 0.050 0.0600  0.70 4,53 2.62 0.52

50 150.31  6.00 0.33 0.67 0.050 0.0600  2.30 9.14 8.61 1.72

2 215.39  7.00 2.00 1.50 0.045 p.020  2.70 6.80 3.54 0.71

50 674.85  7.00 2.00 1.50 0.045 0.0210  4.80 9.13 6.79 1.26

2 110.02 10,00 5.50 5.50 0.045 0.0200  1.40 4.44 1.75 0.35

50 350.2) 10.00 5.50 5.50 0.045 0.0200  2.50 5.90 3,12 0.62

2 105.37  6.00 1.75 1.50 0.040 0.0180  2.00 5.70 2.25 0.45

50 344,78 6,00 1.75 1.50 G.040 0.6180  3.60 8.08 4.04 0.81

2 40,29 7.00 2.25 1.50 0.040 0.0260 1.00 4.54 1.62 0.32

50 165.03  7.00 2.25 1.50 0.040 0.0260 2,10 7.18 3.41 0.68
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NATURAL STREAM CHANNEL HYDRAULICS

(1) (Q) (B) {ZF) (2B} (N) (s} (D) {v) {(TD) (RS)

RETURN RUNOFF  BOTTOM FORE BACK MANNINGS DITCH FLOW SHEAR RIPRAP
INTERVAL Y WIDTH SLOPE SLOPE ROUGHNESS  SLOPE DEPTH VELOCITY  STRESS SIZE

STREAM NAME YEARS CFs FEET HOR UNIT HOR UNIT N FTI/FT FEET FPS LB/FT2 D50,FT
BIG CREEK 2 230,71 13.00 2.00 0.75 0.040 0.0330 1.80 8.26 3.71 0.74
BIG CREEK 50 725.21 13.00 2.00 0.75 0.040 0.0330 3.40 12.07 7.00 1.40
INDIAN CREEK 2 185,18 9.00 4.50 3.00 0.040 0.0400 1.60 71.72 3.99 0.80
INDIAN CREEK 50 590.39 9,00 4.50 3.00 0.040 0.0400 2.80 10.81 6.99 1.40
GRANITE CRK NO. 1 2 75.15 7.00 5.00 5.00 0.040 0.0230 1.20 4,82 1.72 0.34
GRANITE CRK NO. 1 50 289,77 7.00 5.00 5.00 0.040 0.0230 2.30 6.81 3.30 0.66
GRANITE CRK NO. 2 2 75.15 8.00 4.00 8.00 0.045 0.0250 1.20 4.12 1.87 0.37
GRANITE CRK NO. 2 50 289.77 8.00 4.00 8.00 0.045 0.0250 2.20 6.21 3.43 0.69
GRANITE CRK NO. 3 2 95.30 4.00 1.50 1.00 0.045 0.0270 2.20 6.42 3.71 0.74
GRANITE CRK NC. 3 50 350.21 4.00 1.50 1.00 0.045 0.0270 4.20 9.01 7.08 1.42
SUNFLOWER CREEK 2 134.81 18.00 7.50 5.00 0.045 0.0340 1.10 4.93 2.33 0.47
SUNFLOWER CREEK 50 485,02 18.00 7.50 5.00 0.045 0.0340 2.10 7.42 4.46 0.89
MARK'S CREEK 2 114,67 10.00 2.25 8.0¢ 0.040 0.008¢ 1.70 3.60 0.85 0.17
MARK'S CREEK 50 589.69 10.00 2,25 8.00 0.040 0,0080 3.70 5.60 1.85 0.37
BROWN'S CREEK 2 99.85 11.00 4.50 2.50 0.040 0.0060 1.80 3.21 0.67 0.13
BROWN'S CREEK 50 399.79  11.00 4.50 2.50 0.040 0.0G60 3.60 4.71 1.35 0.27
LOKE 2 440.08 7.00 2.50 6.5Q 0,045 0.0500 2.50 9.65 7.80 1.56
LOWE 50 1160.64 7.00 2.50 6.50 0.045 0.0500 3.90 12.12 12.17 2.43
POOP 2 10.85 8.00 4.75 2.00 0.045 0.0590 0.40 2.90 1.47 0.2%
POOP 50 35.02 8.00 4.75 2.00 0.045 0.0590 6.70 4.83 2,58 0.52
PINE CREEK V4 250.26  10.00 4.50 5.00 0.045 0.0500 1.70 8.14 5.30 1.06
PINE CREEK 50 664.77 10.00 4.50 5.00 0.045 0.0500 2.80 10,19 8.74 1.75
RAIGHT CREEK 2 190.44  17.00 11.25 0.75 0.040 0.0050 2.10 3.06 0.66 0.713
HAIGHT CREEK 50 440.08 17.00 11.25 0.75 0.040 0.0050 3.10 3.99 0.97 0.19
EAMES CREEK 2 280.48 14.00 3.00 1.75 0.040 0.0040 3.30 3.89 0.82 0.16
EAMES CREEK 50 639.98 14.00 3.00 - 1.75 0.040 0.0040 5.00 4.95 T.25 0.25



APPENDIX E

CULVERT DESIGN SHEETS



Q2
Q50
Vb
HW

Nb

D50

Ke

dc

ho

So

LIST OF SYMBOLS AND DIMENSIONS

Two year flood, in cubic feet per second (cfs)
Fifty year flood, in cubic feet per second {(cfs)
Culvert barrel velocity, in feet per second (fps)
Headwater at culvert inlet, in feet (ft)

Rise of culvert, in feet (ft)

Manning's roughness value for the culvert barrel
Stream channel slope, in feet per foot (ft/ft)

Particle size from gradation curve such that 50 percent of the
mixture is finer by weight, in feet (ft)

Pipe diameter or rise, in feet (ft)

Culvert inlet Toss coefficient

Energy head for culvert flowing full, in feet (ft)

Critical depth, in feet (ft)

Culvert tailwater, in feet (ft)

Height of hydraulic grade line above outlet invert, in feet (ft)
Culvert barrel length, in feet (ft)

Culvert barrel slope, in feet (ft)
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Us BEFAATHENT OF TAAKSFORTATION
FIDERAL WHHWAY AOMWNIFTRLTION:

O U Lv E RT D E S I G N SH E ET KEQION TEN  WANCOUVER, wi3HINGTON
. 1-A 1-A
ragalel  mlal [TTII] L EvATIDn BTATHMN
Mt. Scott Creek 2.65 reuant wurs ' uiniun
USES Quad - "Gladstone, Oregon®
3 25 x ) anwe
- Flicialn 33 T
Browni 11/3/88 - —
"‘2‘?' - it are 0. 85 Gense-sor 20171/ 10 1BLD ‘\ 12% -
0‘2 F 110 cfs ".2 ' ]? REMAREL: Sconr bale at putlet is aoomximatéN 25' wide '; 25
an 330 ¢fs Twoe 3.0 Jong x 2=1/2' deep. - -
ﬁ(:lerERTP‘EES?‘IE:in&?: HEADWATER COMPUTATION
:2= =T & 3 S = g 126 ERLET CONTROL GUTLET CONTROL HWsHiIN-LSo '
SiZE '5'§5- ElEjeedg s pe oo | 640 Mo R COMMENTS
s (B2 515 [EEH[E (3] 2 | e S| e [ R e e fee | |5 B 8 -
w02 | 0.9 167 [0 165107057 o o | e EO|°
Concrefe Bok Culvert
10'-0" {{spah) x [8'-0' Ride with 1'-0" high bafflgs for 142 the gpan’
11s bt 390 anble 7 (10 [0.33 |26 |0.4]00F1.5)148 [1.714.8]|31|1.8}0.2] 2.6[11] Barrel Velocity*
Wing W3lls &t 390 anple 71330 0.7 56 104|105 3.3t5.7 | 3.0(5.7}3.113.1|0.4{ 5.6 15 Barrel Velogity* |

SUMMARY AND RECOMMEKOATIONS

*Average velocity in unbaffled culvert span.

Due to high outlet velocities and high scour potential, the

culvert outlet appears to be a potential barrier to fish passage through the culvert.
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V3 OCPAATMERT OF TRAWSPORTATION
FEQERAL HIQHWAY AOMWISTRATION

C U L_V ERT D E SlGN SH EET REQIOM TEM  VANCOUYEN, WAIHINGION
: 18 ' 1R
rapici  miwl RuMALA R FTATHGN
Newel]l Creck 2.10 SemAnT mts L LT
USGS Quad - ”Orégon City, Oregon” i , ]
333 S Y3 o ok
- Hlii=ls 13 e Twe
i ].I % b LI *
Bmﬂaﬂ% 3] I/li/ “..."'-_....._....___ﬁ Crade=Sen 'O] /' Le 4‘53 ‘\

ag__ 95 cfs e 1.6 sowswes_Grave] _and boulders_placed inside the culvert barrel
aese 275 cfs —_— 2.8' _ ‘ -

CULYERT DESCRIPTION HEADWATER COMPUTATION

el e T o] 5 ILLET_CORTRIL GUTLET CONTROL 1W+Hihg-LSe
pizl x |e |2 _jz 18 c |size 2
size g3 5|5 pefle {8 [2 (o | a ‘ il T - COMMENTS
2| = = M - = w f HW. | 4 w
wewts §§§ £]3 gﬁz R - e ol A SO L B G AU R L R X £ :
Ka Cortiiim =~ 07 0.8 (0.7 0.7 J05107 (0.5 1 o e | o 3 >
14" dlamethr pipe st agprojimatiely X beipw thg natural strean| bed. )
Use edquivalent]i5' 7" x410'46" Hipe-Ach
X 10.5/ 95 0.2 2.1 0.510.10{ 1.0] 5.7 1.6]5.714.411.4| 0] 2.1] 4.0 Barmf'u’e](x:ﬂy
X [10.54275 | 0.4 4.2 |losl 501 1.6]16.0 | 2.8]{6.014.4]2.1 | 0.2 4.2].6.0] Barrel Velocity

SUMMARY -AND ALCOMMENDATIONS

For Q2 = 95 cfs Yb = 4.0 fps @
For Q50 = 175 cfs Vb = 6.0 fps 8

&
db

2.0 feet {n = 0.045)
3.

7 feet {n = 0.045)
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Ut DLPARTMIMT OF TRAHAFORIATION
TECEAAL HIGHWAT AQWBMISTALTION]
NLGKOM TEN  VAMCOUVEN, WASHINGTON

CULVERT DESIGN SHEET

: -C 1C
Fuoslcl wAwl avmatn . p— ITATMIN
Cool Creek 1.65 nesint metd IR 2T
USS Quad - "Rhododendron, Oregon”
' 24 Ky 7E Aatm e
- 11411 T T3 | i W N Twe
Brﬂ'ﬂl:?‘?ﬂ [ ”'/3{‘88 “&L cu«-s-.- L) I2013 6
2 145 cfs Twep” 2.0’ eowamxs,_Gravel and boulders placed inside the culvert barrel,
Qrse 365 cfs : TWese 3.3 Lo?]agd yock pools constructed downstream from the culvert
CULVERT DESCRIPTION HEADWA'?EIR ’ COMPUTATION
WETAL FIFE pfabwallX
woe|E- 3 - 3 DXLET cOniroL OUTLET CONTRAL Hw=Hihg-LS,
H-HEE R LN w [S1ZE
SIZE Egg g ls EE% 18 % oo ™ d.4n '::\:.r“ : ek COMMENTS
ey |BEE £z Eg_ £13 E | eer |- 5 HW Ke | M | € |52 | TW [ K LS ww | B E: ;_5:§ :
Ke Cotiini— 6.7 | 0.9 | 0.7 107 405107105 o ¢ [ o 5 |°
14.7" span ¥ 9.5} + rise abch frith|top of footing dpproximptely 41 belgw the natuyal strpam bad.
Use equivalent 14'-0' x 5f-7" arcPL ‘
: : ) ALY I e
X .6 [H45 10.45 2.5 0.9 |0.5 1.6 {3.6 2.0 {3.6 [.46 13.6 0.6 [ 3.6 5.6 | based upon T
QutTet velocity
X 5.6 365 1.0 56 0.9 25 |2.814.2 |3.3 4.2 .96 6.2 [1.1 ]6.2[8.6] based upon TW
SUMMWARY "AND IEICDIIH[NDATIOHS
For Q2 = 145 cfs d t. = 045) in the culvert barrel,

Vb
For Q50 = 365 cfs Vb
dep

Note: The culvert barrel

tail water depth.

It

&b

2.5 ft. (n
5.6 ft. .[n = .045) in the culvert barrel.

th and velocity conditions are probably more representative of the outlet conditions than thase based upon the

O nil {re[dd BpepTin T boed Fidd O IT ) i, Q
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water depth.

T N £ LA et
CU Lv ERT DESIGN SHEET RCOION TEN  YANCOUVER, WadININGTON
1D 1-D
Fagilil hlal [T ' ELevnrion JTATHON
Lost Creek 3.2 POARE D ' NIxIWUK
UGS Qfad - ”Buﬂ Run Lake, Oregon"
21 y &
- u'ili-u Tiic i i W N Twe
Browniing __ WAL ace 23715/ cunncsee WO 1o 0T |
[Ty ) i , ney, 23?0.8
- '-'255 cfs ™R 2.1 scuawar_Gravel and small boulders placed inside the culvert
arse 650 cfs THne 3.5 barrel, - ' :
CULVERT DEACRIPTION HEADWATER COMPUTATION
e e e o o B ILET_gonTtoL OUTLET EONTROL Hw<H1to-LSq
widl 2 jo 13 la 18 | & |[suzE :
SIZE gzﬁ 5| E E.‘:? g S8 o |a ' 10 ':‘:,“ § e CONMENTS
xEnEs §§§ % 5 EEE R g rret H;l;" HW Ko | oW &[S b LR U, -li‘w L g: I;;’E :
e, 07 [0 (0T o1 {65]07{0.5] o o | o & |°>
18.2' span 3§ 5.6' rite arth wWith pxposqd corjcrete] footinds (2.5'|to 315" vdrtica) expodure) .
Use eqdivaldnt 1B.2'|spar{ x 4.1' Fise
. . Outlet 'velocity
X 9.1 125 1035 13.2 10,5105 12.015.6 2.115.610.7 15,4 10,59] 5,41 6.5} based ypon TH
Qutlet velocity
X 9.1 |685 |0.65 [5.9 10.911.3 }|3.5]6.3 3.516.310.7 16,9 10.75] 6.9}11.7 based upon TW
SUMMARY "AND a[&DHH[HDlTIONS
For Q2 = 255 cfs Vb = 5.8 fps @ db=2.5ft. (n=10.045) in the culvert barrel.
For Q50 = 650 cfs Vb = 8.2 fps @ =47 ft. (n=0.045) in the culvert barrel.

Mate: The culvert barrel depth and velocity conditions are probably more pmpresentatwe of the outlet conditions than those based upon tail
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VS OCPAKTMINT OF TRANSFOATATION
FEOEALL HIEHWLY ACWBISTRATION:
REQION TEN  YAMCOUVIN, WAIHING TON

CULVERT DESIGN SHEET

e 1 136
ragdicl  miwf EITTIT) CLiviTien BTATHIN
Meacham Creek 22.3 sewant Walh T MMM
US:$ Quad - "Meacham, Oregon”
‘ 35 1] K i Mg s
- iﬂ.ni-h [ ] . I Twe
Broving e am 31387/ coteeser AOOT oo T \ l -
ap _95 ¢fg Tweg - 1.4 acunsns_ST1] boulders, gravels, and cobbles located " '
avse 625 cfs THose 3.8' _within the barrel, '
CULVERT DESCRIPTION HEADWATER COMPUTATION
v fin e e [KLET_COKTROL QUILET CONTROL MWeHiho-LS,
Size Egg g § EEEE E E T 2 IV I 10 | . ':1:! 5 vk COMMENTS
HeHES é:: E 3 Eﬂ.;. § x g 1 oreer |- b ‘ “ Jr i B R 'H.w o g: Eg ‘
Ke Cmriie =, 0.2 150107 107 |05 (67 ]0.5] o e | e & |°>
150 X 1R 8' ket gpprbdmately]?.. Qelow fthe existing strean bed
Equivalgnt 18" span X 13'|rise
X 13 (95 10.2 2.6 [0.71 0.4 1.3) 71 1.4] 711 2.71 4.6 | 0.4] 4.6] 6.0 Barrel velocity
X 13 j625 | 0.5 6.5 | 0.7}0.75({ 3.9] 8.4 | 3.8}/ 8.4] 2.7{ 6.5| 0.5| 6.5-9.4| Barrel velocity

SUMMARY - AND R(ICDHU[NOKTIDHS
Q2 = 95 cfs
050 = 500 cfs

Vb=60fps @
¥b = 9.4 fps B

Assume the 10" f pipe would carry 125 cfs during a Q0.

b = 2.0 ft. (n = 0.045) culvert barrel
d = 5.1 ft. [n = 0.045) culvert barrel
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Ul CEPAATMENT. OF 'Cllﬂl‘oll'lllc‘l
FEOEMAL MIOHWAY AOWMLETHATION.
REAION TEN  VANCOUVER, WLIMING TOM

CULVERT DESIGN SHEET

o . 13-D 120
FRoJIL]  BAwWL T [LEviriDa FTATHON
Meacham Creek 22.4 rewint wats t uKIMue
Hiafam mimg [T
USES Quad - "Meacham, Oreqon” i
' 35 N 35E aus
TR Aty A T - 14 1]
Browning ‘”/9{88 ) 140 T
hgeads o ATL q&?ﬁlﬂi Crada-3ar D..[]BIJ_... L ._lﬁ(l.L_
a9 _ 95 cfs Twe - 1.5 .. Sma)l boulders, aravels, and cobbles located -
- 625 cfs Twose 4.1’ within the barrel, '
CULVERT DEISCRIPTION HEADWATER COMPUTATION
R o e e B IXLET_conTaot OUTLET CONIROL MW+ H1ho-LSs
SIZE E;é E E EHE 5 E § SIQIE a it % K
HER N I ER B . |3, |55 COMMERNTS
s [B05( 3 |6 HEREN R e L L I ol Rl R C ot R Rl FH A ‘
Ke Cortriioa = 02 (0.8 (0.7 0.7 05107 (0.5 o e | o & |°>
20" X Z(l' sciash |pipd set |appyoxidately 3' th 5' telow the existing strean ped
Equivalgnt ' span ¥ 16'rist “
X 16 ]9 101 1.6 | 0.7lo.1 1 1.6 8.8 | 1.5/ 8.8 2.2] 6.7| 0.4 6_.? 5.3 Barrel velocity
X w6 lestoa | 6.4 1o7loe| 3.4 99 | 41f 9.1f 2.2 7.5| 0.5|7.5]. 8.7 Barrel velocity
SUMMARY - AND RI‘COHUEKD&TIONS
Q2 = % cfs Vb = 5.3 fps @ =20 ft. (n=0.045) culvert barrel
Q50 = 625 cfs Vb = 8,7 fps @ db=5.1ft. (n=0.045) culvert barrel
O a5k Dviniet puxcife lu.lml PHE - OTHTIT B oweiuN, ko n
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CULVERT DESIGN SHEET

Ui CEPARTRINT OF TRAMAPOATATION
FEOEMLL HIGHWAT ADMHEETHATIOND
RESKOM TEN YLNCOUYIN, WAIHINGTON

WL B MECREIRg J0d JICe CrLr{Ti

TR UV ettt 1 e
. . t

. 13-E 138
TN GELLE BuW bR R BIATMN
Sheep Creek 3.0 senne wdn CE T TE
US3S Quad - "Meacham, Oregon” .
. 35 W 3%E s
- HTilaTa Vaig . R W \ 1w
Bretirg 179/ 035100,/ corn DBL BT\~
a9 20 cfs TI’-Z : A . v 35]5.&
- . - AEMARY .
Q= 150 CfS T 23I -
ig:.rLERTH(:EESE‘E::Eim HEADWATER COMPUTATION
wesl S = = | & INLET COKTROL GOTLET CONTROL HwrHiho-LSe
-oX E 8 |x . 1 =] I SITE i
SITE ggg u E E:g g E o [ G " . W % '_t
wos [8351 8 [ 1EH[E |5 | £ | e R R N LR O o O b R
e e = 0.7 | 0.9 |00 0.7 |03 107 [ 8.5 | o e | o g %%
7'd X 7 120 10.2 1.4 J0.7{ 0.3 1.014.0 1 0.7[4.0[3.2]0.9 10| 1.4] 9.0] Barrel velocity
(7' X A7 1150 j0.7 .49 [0.7} 0.6] 3.2| 5.1 | 2.3]51}3.2]125(0.44 4.9 16.00 Barrel velocity
SUMMARY - AHD R[;:GIIH[NDATIONS
Q2 = 20 ¢fs Vb=9.0fps @ db=0.8ft. (n=0.024) culvert barrel
Q50 = 150 cfs Vb =16.0 fps @ . db=2:2 ft. (n=0.024) culvert barrel
o m. tuaiel paErien m.um (RIS - GTRaIr I vk, O ha 6 1R Gl 4




Ut CLPARTMINT OF TAARIFOATATION
FEOLAAL HHHWLY ADMRIITNSTIOND

CULVERT DESIGN SHEET - fiaisi sl el

: 12-A : 12-A
raeaicl mand . j [T . .- TLEYAT) o . BLATHOIN
Canyon Creck 27.8 pasant W) t YT

USGS Quad - "Seneca:UOreqon"

AL

[ITIITTY [ 1130 L1 ]68 35 : m’
- Hiiisln wile Tws
nl N _—— I
BYW[IJ(EE. 4 ]]{l?/% "_"_.52891_5 \ A
. 215 cf - 2.7" '
°2 g > T 2 ROWARK N,
O=n 6?5 CfS " TW se 4-8'
CULVERT DESCRIPTION _ HEAOWATER _ COMPUTATION
et E‘_“Lo it »-im:u 5 |, ILET CONTROL OUTLET CONIROL MW+ Hihg-LSo
s12e Egg g2 f::? ¢ |5 e ] Hw | ¢.4D e % E COMMENTS
HEA R ER . wo |3 |55
ongy é:: E 2 E‘E § * % roer |- D Hw " " e JF‘ ™ e ‘II.‘# lT E§ 53 .
T o=, 0.2 |50 100 Jod (35100 10.5] o | o | o § |°®
12.6° X B.1' X 8.1 215 10.6 4.9 0.7 10.5]2.5(5.3 2.7 15.311.1 |4.7 0.6 {4.9[]11.1] Barrel velocity
9.7 115.6] Barrel velocity

12.6' X B.1° X 8.1 |675 |1.2 9.7 [0.7]20[4.7]|6.4 [4.8]6.411.1}7.3 |0.9

SULMARY - AND RECOMMEMDATIONS

02 = 215 cfs Yo =11.1 fps @ ddb =20 ft. (n=0.024) cuivert harrel
Q50 = 675 cfs Vb=15.6fps @ db=3.9ft. (n=0.024) culvert barrel

O 01! GOT DLEEIEn 0 D0ad FR(E + QIR I 1§ babn, G B 1l wnin o
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v

W1 DEFPAATWENT OF TRANSPOATATION

o CULVERT DESIGN SHEET EHISIR AR
Frasicl wlal T RLEYAT o STATWN
Middie Fork Of,E?.f‘VP;'LCmek 11 ?“ - st matt PO
USES Quad - "Seneca, Oregon”
. 2 165 3% s
- LI$O IO R i R W N, Twa
i 11/9/88 - :
Bmﬂlﬂ% [4] alt '}J&ﬁu 7 am—s.-.D‘mZJ_.' : L-._gl_...._l l
ep_ 110cfs e 1.4 sewamerStal1 boulders. gravels, and cobbles within nee 40311
Qe 350 cfs S 2.5 the _harrel. ' N
CULVERT DESCHIPTION HEADWATER COMPUTATION
el o T 3 IXLET_ CONTROL OUTLET CONTROL 3w« Htho -LSe
SI1ZE Egé E E gus E E g SlDIE qQ e g E
515 1 e |55 E " . 3. |55 COMMENTS
mener |BEE gl Egi § 5 I . Hﬁ! HW Ke | # | & 55;_—0 TV | b |L307 | KW % g: £S ;
ke Cortiia— 0.2 | 0.9 | 07107 |05 07165 o e | o g |°>
13.5" X| 8.5] set approximately 200" bedov the existing spream bed .
Equivalgnt 615" tise by 13.5'|spar
X 6.51110 {0.4 2.6 |0.7) 0.5/ 1.3]13.9 | 1.4(3.9|2,0]2.4}0.4| 2.6/ 6.2] Barrel velocity
X 6.51350 1 0.8 52 |o.7| 2] 3.2{4.8 | 2.5}14.8/2.0]4.9| 0.7 5.2[-8.6{ Barrel velocity
SUMMWARY " AND HEEOHHENDkTI’OHS
Q2 = 10 cfs W = 6.2 fps @ db=1.8ft. (n=0.045) culvert barrel
Q50 = 350 cfs Vb = 8.6 fps @ b =3.3ft. (n=0.045) culvert barrel
L] li['“tﬂ" Manfiin l‘-l."u' L] = DAL IS v, & he 1 TRE CapaIiL I
it LS[ Dimgasege Fad diCa Cobarats e fn il n

el Mt

dil
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CULVERT

DESIGN SHEET

Vi DOPARTUERT OF TAAWIFORDATION
FEDERML KIEHWAY AOMNISTAATION:

MEdioN TLA

VAMCOUVEN, WAIHIWETON

12-C 120
Fapitcl wdwf [ITIIT] —— ITATHKIN
Canyon Creek 1.5 pLwant W le | LTI
US3S Quad - "Seneca, Qreqon”
- 1 165 3x ) A
— TTIE Fart R . - *\ Tws
B s WL 0 882.1 / rrre BT T ’
105 cfs 2.0 : o Npet01
ag : T : sewanss_bartial deposition of boulders. gravel, and
- 345 cfs —_— 3.6' cobbles within the culvert harrel, ' .
CULVERT DESCRIPTION HEADWATER COWMPUTATION
s it a S B cre INLET conTRot QUITET CONTROL MW= Hito-Ls,
EEEIE 18 |5.54 (8 |8 - Jonwer | £

suze  (5el R S Fr I I - S . - 3 |eE COMMENTS

— §§§ £ 5 Eti g 5 ¢ | reer e e e [0 e [R50 v | n fus, W LY 34 55 .
W ot~ 0.7 | 0.9 |07 0.1 (9507 [0.5] o o | e 3 {°>
10'@ set apprtxin*alte?y 1" bbloW thelexisting Jtream|bed
Fquivalent 9.4' # pipe

X 8.5 nos 0.3 2.9 0.710.212516.0 {2.0|6.0{2.0|4.2 |0.4 |4.2(6.5[ Barrel velocity
X 9.5 |45 (0.7 6.7 (0.711.1|45(7.0 (3.6]|7.0]2.06.1 10.6 | 6.719.0[ Barrel velocity

SUMMARY " AND IE’COHH[NDAYIOH!
(2 = 105 cfs ¥b = 6.5 fps @ db=2.7 ft. (n=0.040) culvert barrel
Q50 = 345 cfs Vb = 5.0 fps @ dh = 4.8 ft. {n = 0.040) culvert barrel
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e - " : u otr;nwut of TRANSPORTATION
ULV ESIGN SHEET - sl e kiR
CULVERT DESIG S ET e
‘ 12 “ : 12-0 '
reaaldl wiwl . | [T . .- — . sTATION
Ruby Creek 5.5 st mts ' winwe
USES Quad - "Bates, (regon”
- 6 NS M - s
— Hidaln WATE , N - . 'I'.
i 11/10/88 | o 3 -
Brﬂ\?::-gu (13 {“?f “_"3_.3226.-.]4. Gradr-5en_0 {B(_]'[' i A~ I 3724.3
1 o . oo M
Rl - 40 cfs Tweg - 1.0 RPPPPORN (111 lders, gravels. and cobbl ithi
Qe 165 cfs : T 2.1 the culvert harrel : i : -
CULVERT DESCRIPTION _ HEADWATER COMPUTATION
wee[ T TTE o Te | 2 louee IKLET_COXTROL __ OUILET CONTROL MweH1ho-LSo
AR AR R R R . Jonr |8
sze Jgebl G | B lgef|e |8 LS o] .| o0 : P E 5E COMMENTS
N ggg g1s EE_ £z E reer 1%'“ HW Ko | H | & [S5= JTW | b LS, R B g: EE :
Ko Contrni = 0.2 | 0.8 [ 0.7 (0.1 1051097 10.5] o o | o _ 8 |°>
g8 x4 X 4 |40 (0.4 1.6 0.7 05J0o.8 {24 [1.0P.4 1.8 |11 [0.2 |1.6 E‘>.9 Barrel velocity
8' x4 X 4 165 |1.1 4.4 1071 3.0)2.4 (3.2 }21B.2 1.8 (4.4 11.1 |4 4 18.5 Barrel velocity

SULKARY "AND RAECOMMENDAYIOMS

02 = 40 ¢fs ¥b = 5.9 fps @ =
& =

2 ft. {n-=0.04) cuivert barrel
Q50 = 165 cfs ¥b = B.5 fps ] 7 (n=

0.04) culvert barrel

O wfd CrLTCID wpenfiLe Jod 1wk B3 - BT 0 BOoEUEE, Gt
W0 LIAL DixEnyien fob BUCK CoLr(nlg LLRE CaLran pent etk )

oy
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-t i : : © v uM-Muuf oF TASHAPOATATION
CULVERT DESIGN SHEET ' Reain TEn T VaNcanE . %A sring ton
- _ 12-£ ' . '
Faolie1 miwl _ K ITTTIL] X . SLevition . ;I;'?::Eu
Big Creek S TTBE L 30.7 Tewant Bl T Mikrue
UGS Quad - "Dale, Oregon”
__ 21 o5 3x . o'l
T L R S W Twe
Browni 11/10/83 JE B
t-[{.gln 1] fuu/ “._"_“...3263;,0. Cinde-Sqn '0.044'}“1.. 59" I

1.8' ' e 2604

£e-1

4 2R cfs ™z rewamsa—Sta11 houlders, gravels, and cobbles within
e 725 cfs : Twese 3.4' the culvert barrel. Also some bedrock is exposed.
al::_:"fﬂ'rﬂl:(ﬁs‘f(?lgll‘?g i HEADWATER COMPUTATION
w2l 2 la |2 i z I 1¥LET COoNTROL QUTLET COXTROL HWrHihg -LSo
L1h43 Eg.ﬁ: 8| é,‘-fg il - B N war | £
a3 e [s=<Elsls] 0 ; {a. |s5 COMMENTS

wees (355 £ 1 3 Egi 3 N I . W bww x| Mg .‘I:;_E LA S SN LS gr ¢ UM EN
K Conttiid— 0.7 |09 (0.0 101 |0.5{07 [ 0.5 o e | o E {°5
12' X7 X 7 £30 [0.6 4.2 lo.7 |oal21 ja.6 (1.8 8.6 [2.6 2.8 |0.4 [4.2 |10.8] Barrel velocity
12' X7 X 7P [1.5 10.5 [0.7°]6.7[4.916.0 (3.4 |6.0 2.6 [10.1 1.4 |10.5]14.7] Barrel velocity

SUMMARY " AND RECOMMUENDATIONS

Q2 = 230 cfs VW =10.8fps @ b =22ft. (n=0.040) culvert barrel
Q50 = 725 cfs Vo =14.7 fps @ db=4.6 ft. (n = 0.040) culvert barre]
1] ls.t {rLv [l BILEETAE m-nul L0441 < e i pueiey, & bo i 100 SHLMILE WF

O30 DL NIRER3IER JRL RCH LRLTCNTS tead TvEr unt deth i
. - t




V) CEPAAIWEXRT OF TAAMSFONTATION
FEOLALL KIAHWAT AOMMIITRATION!
RLGKW TEN VEMCOMNIN, WAIKINGTON

CULVERT DESIGN SHEET

8¢-3

Coa | 12-F ' : 12-F
. regatct mduf . . . [T . R tLEyarion STATHINM
Indian Creek 23.5 e il T MIxINUN
UsaSQuad.= "Nale Mn"
B i - i ¥ War . . . -
R 7 9 32X . e
LeLaTien - - (T3 . Vedaldw danil LILILEY ]
- VaTe varc . | . T . Twe
Bmﬁl«.nﬂ. r Hﬂ:ll(l/BB : qﬂl a-«-;.- 0.034"/* e AL
_ L . T \\nre 3131.1
- . . : e -1
CR 185 cfs vy 1.6 . s Smll boulders, gravels, and cabbles within
gere 59 cfs o Twes 2.8' barrel. s ' .-
CULVERT DESCRIFTION _ . HEADWATER __ COMPUTATION ‘
wge %‘.”‘o T "‘f_“"-‘:‘"" 3 . INLET_coRTROL - BUILET CONIROL HWsHiho-LSq
size ggg 8B Eﬁgg St e |a ' wel 2 [ox COMMENTS
s (B3E) § | [ERHE |5 | £ | e N LN R R A L e Rl Rl F R '
Aaecmoias, 02 |08 (0T 10T (o5 (00]05 ] o | o le . |E %
12" X 7' . X 7 1185 jC.5 35 lo.7| 05} 2.114.6 | 1.6] 4.6{1.6]3.5}) 0.5| 3.5/9.6 Barrel velocity
12" X 7' X 7 oo [1.2 | 84 |o7| ad a2|s.6 | 28] 560 1.6]8.0| 1. 84131} Barrel velocity

SUMMKARY " AND HI;OHHSNDI‘"OHS
Q2 = 185 cfs Vb = 9.6 fps e b
b

ft. (n = 0.040) culvert barrel
(50 = 590 cfs ¥b =13.1 fps @ {n=

]
0 ft. 0.040) culvert barrel

G eSO penCEDn pd B0 F0(F + @ U IT B wsouaE, O b 1 157 CLLAT IF
WL B30 nCasien Toe dige cuendntg sl O kit MINE
. . ¥
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l::-'::::: ) ) Ul DLCPARTMONT OF TRASFOATATION
- i i FEQERAL HMHWAT ADMMIZTALTIOND
C U Lv E RT D E S IG N 8 H E E—]— . REGION TER  VANCOUVER, WAIHIMOTONW
- 124 : 12-6
- Fagiiel wla . i [T . . . —— - RTATION
Granite Creek 11.4 ewint wats t uixiKUN
UGS Quad_~ "Dale p_rpgwn"
- 17 & 3K ey e
- Loy T3 . T — T
Browni 1M/10/88 : \
c-lif‘{}l " uuox_ ll_l“_lm‘_& Crafa-%4e { {TIZII(I L ?4L ‘\ l
"2 — 75 cfs W 1.2 acusre._arall boulders, gravels, and cobbles within '
Qa0 290 ¢fs . T 2.3 barrel, i : - ] i -
f‘t(::.rsnrr ?f"i'élﬁli?fi ‘ HEADWATER COMPUTATION )
weel 2T 13 Tode | & lerge IXLET_conTROC CUILET CONTROL HW»Riho-LS,
_SIZE E%g 'E- E EEE '§- E E °1° JiL.3 | HW 1 MR : '::‘:'I“ % '..‘-;E- COMMERTS
wewes |BEE i Egg R | e 0 Ke o (= | TW | he L3 -u_w = E: EE :
Ko Coni= 5.7 108 (67 )07 55041851 o | o | o  |°>

12.8' x[7' X 7 |75 0.4 2.8 |0.7] 0.2} 0.7}3.9 |1.2]3.9{0.9]3.2 ] 0.5{ 3.2] 4.9| Barrel velocity
12.8' X|7' X 71290 0.7 4.9 |[0.7] 1.4 2.8y4.9 | 2.3]14.9[/0.8|54]0.8]| 5.4 7.2|  Barrel velocity

SULUMARY AND RECOMUENDATRONS

Q2 =75 cfs Vb = 4.9 fps @ d=18ft (n= 0.040)‘ culvert barrel
050 = 290 cfs Vb = 7.2 fps ® - db=3.7 ft. (n=0.040) culvert barrel
T TR T e e Ol opAm

N . [l




Frinie T4+ : ’ ’ US DLPARTHINT OF TRAMIFOATATION
. : ) . FEOLALL urdut::&u::\u::;;:::;m
CULVERT DESIGN SHEET Res e Y
. 12H ' : 124}
Fredcel  hdml R B T R - - NLEYALY by . ATATWIN
Granite Creek 11.4 ravant mis PR

Mialsm  him [ LTTIFY LY ANl d

USS Quad - "Dale, Oregon”

17 S T &
- FiTilule (L ] i . T — \ 11'.
Browning 1/10/83 2990.0, - 0.05 o T
caicace [T farx . Crade—Sen . L
" 2 e 2088.9

T I3 cfs ™o 1.2 acwsmcs Sl baulders, gravels, and cd]blels within

0g-1

Qoss 290 cfs e 2.2 the barrel, | - ‘ e
CULYERT DESCRIPTION ! HEADWATER COMPUTATION ‘

ee ST T2 B INLET_CORTRAL T QUTLET CONTROL Mwe ki hg-LS,

HZZ| E 18 | |2 |8 - |suze ] 2
e SR E (8 Bl [E )8 [% 0 |, e TR -
wous [G2ELE | 5 (2SS R ] £ | e SRR RN ES E o Ll N A U LR FEa :

"Gt = 0.3 108 (00 0.7 155107 [8.5] o o | o g |°>

13.1" Xi7.6' X 7.6'175 0.3 2.3 0.7] 0.2] 0.9]1 4.3 1.2] 431 1.1 3.4 0.4 3.4 4.7 Barrel velccity
13.1' X|7.6' X 7.6'1290 | 0.6 4.6 0.7] 0.8 2.71 5.2 | 2.2/ 5.2[1.1]14.9] 0.6 4.9. 7.1 Barrel velocity

SUMWARY "AND RECOMMENDATIONS

Q2 = 75 cfs Vb = 4.7 fps @ db=1.7 ft. (n = 0,045) culvert barrel
050 = 290 cfs Vb = 7.1 fps @ . d =37 ft. (n=0.045) cuivert barrel
Q ¥ Lol EIT dnnadiLh IH‘IIHI L - @I 1B v, Ok

Laf afafcn of
1 LUSE DEadian Mo LG CaLrindg Ll cafaml pdn gril Ak In
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VS PEPARTRIMT Of TRAWSFOATATION
FEOCAAL HigHway AOWMIFTRATION

C U L_v ERT DESIG N SH E ET ) : REdwoN TEN .\flucmv!l_ wA IHING TN

_ 12-1 ' : 12-1
. Faorcl wisml . . RUMILE . .- R - . ATATKIN
Granite Creek 14.5 st s P

adan himf [ LT VY antd

LSS Quad - "Dale, Oregon”

LE-3

30 &  XE o aume
I - . AtiTram . THenpine ALugk w|LAHAL
- LIAR I [T ] . i W - . T+
RHMEHL% I ”o{JtD{'BB e 81,4, a.«-;.-ﬂ-ﬂf_.'_ ! PR I G L \_l 279.0
ey 95cfs Tong - 2.2' " L N\ae 2790
i : ? soniee 12l boulders, gravels, and cobbles within
ans 350 cfs : TWem 4,2' the hanrel. : : . . -
CULVERY DESCRIPTIOH . HEADWATER COMPUTATION )
e §E'm° 22 -"i“"’:“" - INLEE CORTROL - QUILET COKTROL HW=Hidg-LSo
SIZE g%é S 1E %:i 3|5 g lofa Hw ‘ 1D o % cE COMMENTS
. HERERITHEE R B .. we. |3 |65
wenes 1B EE g3 E;{g §13 ]2 lnal D HW Ko LM [ & (20 JTW LR[S, II:N o E: EE :
K Corrine =, 0.0 |08 16003 {95001]05] o | o | o : |°
13.2" {11! X 17 |95 0.2 2.2 10.7] 0.3 1.0} 6.0 2.2]1 6,0{ 2.41 3.7} 0.3] 3.7 6.2 Barrel velocity
13.2' 11 X 1N |30]05 | 55 |07 0.4 4.0l 7.5 _ 4.2] 7.5| 2.4 5.7 | 0.5| 5.1 9.0] Barrel velocity

SULIMARY "AND RECOMMENGATIONS

Q2 = % cfs Vb = 6.2 fps @ db=2.4ft. {n=0.045) culvert barrel
Q50 = 3%0 cfs ¥b = 9.0 fps @ =46 ft. (n=0.,045) culvert barre)
O w51 twvLel pnxebin m-llhl il O @IRTIT I il D he B 1L c'un[x [T}
utr

U0 RLSE BUXEASINN Job BLCL EMLOCLTY Ll (snr itac dri) b
- ' [



ANE!

Fim b bnd
(LTI KR IT)

Ut PCPARTWENT OF TRANSPORTATEON
FEOLAKL WHEKWAT ADWMMISTRATION

C U L_V E RT D E S IG N SH E ET ALSOH TEN  YAMCOUYLA, WASTHINETOM
: 12-J '
FFITAET T | AL [ 1‘?::.1;0“
Sunflower Cr‘eef( 22.6 Lewihr bmLgs T MmN
l.“l- E Ty 9 |1 FALFE Y adla
US%S Quad - "Dayville, Oregon”
o 19 6 K - s
~—HTitats ATl . i e W Twe .
ir 11/1 ' T
LAl 198 w3615,/ commsen 0L 1o BT 136
ap . 135 cfs Tasg - 1.1 rewines 12" hich baffles with boulders, gravels. and
Qs 485 cf's TWes 2.1 cobbles within the barrel, - ' -
CULVERT DESCRIPTION HEADWATER COMPUTATION
weel ST ToTe t 5 leine IKLET_CoKTROL QUTLET CORTROL HwsHiho-LSg
.sm: 5§§ '-'.:' E EEE E E E 1@ HY . HW w | « fd4t0 5 P ":::.' % -.;5 COMMENTS
INCHEY §=: E Y Eti ‘E = g oL D K « Jr ™ o L% 'H-\\‘ o E; gg ’
Ke Contiwina— 0.7 | 0.9 {0, (0.1 |05 (00 10.5 ]| o s | o 8 |7
17.3" Sphn X|10' kise|with 12] high baffle

Equivalent 17.3' K 9

X 9 35

0.3 2.7 lo.7t 0211653 {1.1]5.3]3.2]2.3]0.3]27

7.0} Barrel velocity

0.6 5.4 |0.7]1.013.2]6.1 |21]6.113.2(3.9.10.4]5.4

J0.4  Barrel velocity

SUKMARY "AND RECOMMEKDATIONS

Q2 =135 cfs Yo = 7.0 fps 4

dh
Q50 = 485 cfs Wb =108 fps 8

nn

1.7 ft. (n = 0.045) culvert barrel
4 ft. (

n = 0.045) culvert barrel

Q w41 Cr(A[2) PLel10d 184 Dy FurfY
LI M T H T I LIS TE A R

- BEETIT o yuage,

QN1 Nat arint o

eI TN YR
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oy . ' vr n(n--mmﬁ OF TAANIFOATATION
FEDEAAL HIEHWAY AGMMITTAATIOND
C U Lv E RT D E S IGN SH E E—I— NLC#ROW TEK  VANCONER, WwAIHINGTOM
FEgIie? miuf ]]_A '11_A
Marks Creek 20.1 B v He
USGS Quad ~ "Lockout Mountain”
‘ ' 17 15 1% o'
= sl Y1 R i W N, \ Twe
Browni H/10/88
e Ny aee_3796,4 Ol —— 1
o 115 cfs ™y 1.7 sewsssr_Gravels and cobbles located within the
Qs 600 cfs TWese 3.7' culvert barre], ‘
il:%rfRTP‘EES?‘?iET.I‘m HEADWATER COWMPUTATION
P - o = e e [ 08 O NLET_COATAOL QUTLET CONTROL MW~ Hing-LSo
SIZE g’%ﬁ 5|5 E,‘.‘E o E § a Q w i § 2 COMME
2l 53 te |85k | & " q . = bt MENTS
1 R R D A B L L LR R o M R E U B FER '
K Cmrricnn =, 0.7 09[0T 10T (0507 (0.5 ] o | o EoI°F
18' x8.4' X 8.8 1153 0.2 1.8 |0.7] 0.1] 0.9 4.9 1.7 14.9|0.1 [4.9 1 0.6 } 4.9 43.0 Barrel Yelocity
18' X 8.4’ X .18.8 |[600 |0.7 6.2 |0.711.013.516.2 3.716.2|10V17.1 108]17.114.8 Barrel Velocity
For L MO 30 /ps @ db = 2.6 ft. (n = 0.040) for the culvert barrel.-
For Q50 = 600 cfs Vb = 4.8 fps @ b =8.8 ft. {n=0.040} for the culvert barrel.

O wil Curiel WREETCN (4 A0 Pl

BIL LISE BIxfaSien 148 RICH Cwurlntd

= OEIE o wuiriEl,

AL TRy

Q kg 0 1R{ S10ATIN 4T
1) fun
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et e . : : 3 :un.nn:'(ﬂ of TRAKSPORTATION
FEQLCARAL HIIHNWE MM Al M-
CU Lv ERT D E SIGN SHEET AEEWNH TEN  YAKCOUVER, WAIKHINGTOM
. 10-A '
Fagilel  maml _ R [T B . R STATION
Brown's Creek 24.7 pewat wads T+ wixiwen
USGS Quad -
29 AL 3 - e
——TT T i B M P W Tws
B s 1/10/88 a d32.7 / cuw-see 000577 - TBATT 1
) - __ e=4332.3
0'2 _ 'I(D cfs ‘II'2 ' ].8 Atuanxs : iy
Cese 415 cfs - Twese 3.6 within the cylvert barrel,
CULVEAT DESCRIPTION . HEADWATER COMPUTATION
J CL.E L i 21 LLTRE ) g PRLET_ conTaoL OUTLET CONTROL MW= Hiho-LSg
.“.'“iﬂd—-“:sn:: g
ot B - ENG B = U . Jntin
O I R ER R A Hw d 40 . ':lw. 3 |sh COMMENTS
N ggg g1z E.:‘g § X g et o HW Ky H G | Hm [TW | R [U3% .u‘w ™ g‘:“ EE .
e Cortricma— 0.7 | 5.9 107107 05401105} o | e | o § |°>
12.6" X 44" det abprotimatily |.5'[belof the jstreah bed.
Use equivhlen] 12.5' X|8.0°l
X B8 100 10.3 2.4 .2 0.2{1.6 |4.8 1.814.8 (0.4 [4.6 |0.6 |4.6]4.2 Barrel .‘o’elocity
X 8 K15 {0.8 6.4 g 1.4] 3.5 {5.7 3.6 |5.710.416.7 0.8 | 6.7}6.1 Barrel Velocity

ForGoe {00 ¥ ™™ W' a2 fps @ b =2.4 ft. (n=0.035) for the culvert barrel.
For Q50 = 415 cfs Vb = 6.1 fps @ d. = 6.4 ft. (n = 0.035) for the culvert bharrel.
Q w4 CaLefel ajLericn lit'lliﬂ Py M LIRS ITITLL Q hg @ 108 X[ W

1
WL RSt MERSIER FUE ACL SHtelEl] Vel thuvey peene R Lk T
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o : : U3 DCPARTUENT OF TRANSPOATATION
FEDEAAL HIHWATY ADMMISTRATION.
C U L_v E RT D E S | G N SH E ET ACAIOK TER  VAKCOUNEN, wAIHINGTON
: 2-A 2-A
Faoiic]l wluwf [T T ATATKONR
Lowe Creek 6.8 paant wafi L I
USsS Quad - "Breitenbush Hot Springs, Oregon”
24 7S 7t ) el
(LI [JE40 11 . Tedspap [FYTr) LTI YT
— AT ATl R . R P N \ o
Bm”?l?g‘ " ]]{1]19/% ‘“"_MLQ Guu-s-o' 0-0501/‘ L e’ l
440 cf: 2.6' ‘ .. \ e 76,3
0.2 - cis "'2 ’ : REMLEAL: Coarse gravel and small boulders_are
Qe 160 cfs Teee 3.9 located throughout the barrel,
CULVERT DESCRIPTION HEADWATER COMPUTATION
L ";[ SEhLIE ILET_coniRoL QUILET CONTROL HwsMihg-LSe
StZE EEE é E EuE 5 E g s:)“ Q witrr | B r
HEAERITEE : - ) B he COMMENTS
IRCREY é?: E S Eﬁi E' x g FLLY ]'%"' n " " “ -‘!‘;-E ™ A b 'H.“' '!%‘!‘ g: EE -
Ke cmrcia—, 0.7 1 0.9 | 0.7 107 165107 108.5] o o | o 5 |°
21.5" span X 1.7 risg arch wilth cpnerele fodtings| {approfimately|1' of verfical pxposure). _
X {11.7[440 [0.4 4.7 J0.7]0.2§23)7.0 |2.6(7.0]3.6]3.6 {0.3 }4.7110.5 Barrel Velocity
X 11701160 0.7 g.2 1071 0814.7]|8.2 |3.9(8.2|3.6[54 |0.,5]8.2]14.7] Barrel “-"e]ocity
SUMUARY “AND RC.COUH[ND&TIONS
For Q2 = 440 cfs Yb=105fps @ db=2.1 ft. {n=0.045) for the culvert barrel.-
For Q50 = 1160 cfs Vo =14.7 fps B8 b= 3.6 ft. (n = 0.045) for the culvert barrel,
+] ml tolTEAT Wuel1fL lu‘li'ﬂl L - BT ] YUk, FES

S0 NSC J1apasaen THL skix Colells

"
LLWE CRITY bLinE feal X
. - t

I qaruin o
o
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VS DEPAATMENMT OF TRARIFOATATION

CULVERT DESIGN SHEET e ancomn, A sningion
. 2-8 ' .
raglel  wlwl . . Lo . Lo P . _tzt:glou
Poop Creck 1.75 ¢ oine mn € uixiwiu
USES Quad - “Breitenbush Hot Springs, Oregon”
' ' 9 5 & e s
—¥TYwEIE BATL R W N, Twe
Brownir 11/1/88 - ——
t:::?ll " /ur?/ t\.gt___ﬂ_* Crada=tar 0.059|/I L. 46" l
e 10cfs — 0.4 seussen_Log Dorriers at outlet may influence culvert
o-m 35 cfs : TwWese 1.4 flow conditions during Yarge runoff events,
j CULVERT DESCRIPTION ) HEADWATER COMPUTATION
wesl 2 To 12 Tale | 2 lsize IRLET_CONTROL OUILET COKTROL Hw»Hiho LS,
sae [SEE) & | EReB 2 |5 |8 o | o B
ents g?g £ 13 EEE § Fy E reer 115\1 Hw K H 'R 1;2*_3 w | e |8y _H.,, ﬂ;_i. ?_: §§ COMMENTS
K o=, 0.7 | 8.9 | 0.1 [0.7 [05[01]0.5] o PO & |°>
48" aMP X g 10 0.4 1.6 0.7 10.1{1.0 2.5 0.4 |12.5 (2.7 {0.0 0 1.6 ?.0 Barre] Velocity
48" OpP X 4% pB5 0.6 2.4 lo.7|o04[1.8129 1.4 (29127 [0.6 [2.4 |24 1.5| Barrel Velocity

SUMUARY AKD RECOMMENDATIONS

For Q2 = 10 cfs Yb =8 fps B

& = .65 ft. (n = 0.024) for the culvert barrel.
For Q50 = 35 ¢fs Vb = 11.5 fps g b=

1.2 ft. (n = 0.024) for the culvert barrel.

. {The Q2 and Q50 discharges are based upon US:S gaging data at the site.
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Ut OCFARTMENT GFf TRANSFORTATION
FEOERAL HIHWAY ADNMLSTRATION

Ccu L_v ERT DES [GN SHEET : ROAIM TEH  YANCOUVER, WAdiiNgTON

-
-

_ 3A ' : 3A
raneiel alul . | LTI . .. T . ATATMN
Pine Creek 4.0 Faviat I AR LTI

1I8LAE  BAw pasimadd ARG

LGS Quad. - "Fermnod, Oregon”

£e-3

2? 63 $ : . AKE x
N‘ilhi-(l I . Twe
Browning 11/10/88 - | |
T ne 2161, 3 — 223.1
q.z _ 250 cfs 7"-2 ' 1 ‘7I REMARE 8¢ L —
asse 665 cfs i s 2.8' _ : _ .
Cg%r[ﬂ‘l" E[Esc'[l:gli?i‘s i HEADWATER COMPUTATION
Leel o T T4 3 IXLET CONTROL CUTLET LONIROL WweHIho-LS,
5;?; lal2 fzfe{c s;zs Jomu | & r
SIZE vbl o | = |Rwiloe IE |0 Q 5
sgxl a1 [GREE |E | 1y, ¢ 40 . ww. |3 |85 COMMENTS
— ﬁg: g = EE!E x g' reer |- D HW Ky H 4. —‘r— Tw he LS, vl{i\i' o g: EE .
ke coicea s 0.7 (08 J0T 0T (3810165 o | o | o 8 %
7.5' 8 X 7.5 |20 |0.75 [ 5.6 {0.9} 0.7][3.8}5.6 {1.8]5.6]1.2(5.1 |0.7]5.6113.7 Barrel Velocity
7.5' 4 X 17.5 |665 |1.5 1.3 |09 5.0 6.216.8 |28]68]1.2 10.61 1.4 111.3§ ¥7.} Barrel Velogity

SUMMARY -AND RECOMULHDATIONS

For Q2 = 230 ¢fs

Yb 3.0 ft. {n = 0.024) for the culvert barrel.’
For Qb0 = 580 cfs Vb

5.3 ft. {n = 0.024) for the culvert barrel.

o
mon

13.7fps 6 b
7afps €@ b

The 36" # flood relief pipe carries approximately 20 cfs and 85 cfs for the G2 and Q50 respectively.

LN T T RTTN L Y I 2 S Y LT R I TITTN O hg B 100 QLLLNIL AF
WEE QS0 AEMCatign Foa Mo CROTiETS Uil CHymr pone e ir
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U3 PIPARTWONT OF TRAMSPOATATION

Fm - IF4
FIOLAAL KHHWAY AOMMISTAATION]

Anys BNl

8¢ -3

C U LV E RT D E S l G N S H E E—I— ) ALGIOM TEN  WAMCOWWEN, WAIHINGTONM
: 7-A : 7-A '
FANILET WAmWl . N [ITTY) . .- PO . ITATWN
Ha]@']t Creek 4.0 pessal wath T MINIHUR
US3S Quad -~ "High Point, Qregon”
% s M o e
LalsTiom schen BT YT T
a el ]]}.]‘6/% } R P, 'I'.
Browni - :
c.(::?. I3 WATE n_rz_ﬂlﬁ.ﬁ.. Gu“-&o'.leL‘. l-‘-ij:-—--—— . I 6.4
! ' , ntv_4 N
0-2 T ]% Cfs 1'-2 ' 2.1 NEMARKN; Small O]"a\"e.l_ aﬂj sandstone bed are Tocated
Qv ie 440 cfs . TW s 31' _m"rhin the barrel, ' -
_C_ltl!'..rERT' E{ESCE]{EEI‘ONS . HEADWATER COMPUTATION
wes BT TT T Te ] B 12e INLET conTnoL SUTLET COKTADL WW-Hiho-LSe
e |5 o= " 5 1 z
sue [958 1 Bl |E L8 oo nrtn I cou
o 525 g = Eig I % rect 1%"— HW K | W | & &2‘3 TW | he L3, kW l%— E: E§ UMENTS
Ke coicea— 0.7 10,9107 |07 [05]07]0.5] o o | o g %>
18.2"' X 3.9’ X 8.9 (190 10.4 45 107 0.201.7]153 {2.1]5310.1]54]0.61 5.4] 3.1 Barrel Velocity
18.2' X 8.9 X 8.9 {440 | 0.6 5.3 |0.7] 0.5 2.6 57 131157101561 | 0.7] 6.1] 3.7| Barrel Velocity

SUMMARY " AND I[‘COHH[HOATIONS
For Q2 = 190 cfs Yo = 3.1 fps @

db = 0,035) for the cuivert barrel.
For (50 = 440 ¢fs ¥b = 3.7 fps @ (3 4]

3.8 ft, (n
8.0 ft. (n = 0.035) for the culvert barrel.

NOTE: The above does not consider the influence of the Suislaw River located d/s fram the culvert outlet. Based upon the field survey
the river probably controls the hydraulic characteristics at the cuivert site during high flows.

O a5 CutuER) panriac rea Robad PR - QAR IE I3 yuAN, O hg ot 10 CULRRlE AT
NS0 OSE JEMEatian Jon bECe Catefily il CaLvEn d0tne i n
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far=1he
ooy 031

CULVERT

DESIGN SHEET

US CEPAATWENT OF TAAMSPOATATION
FEDEAAL HIGHWLY AOHMIZTRATION:
ALAIOM TER  VANCOUVIA, wiJRINGTOW

FRaJEt] alwl [TTIIL] R MATRON
.____EalIES Creek 5-2 bavaal MuIl £ MIRINYM
US3S Quad - "High Point, Oregon”
' 7 198 oW o Aot e
= LTI (0 . TN e T
i 1/10/88 . : — ;
Bm\'ﬂl‘rﬁ]. (33 {nu nee 4’84- - ﬁc“»k-wb__%___ T J
0'2 i 2&) CfS '['-2 - 3.3 . The t w-i i . ) by, ﬂﬂ. l
- 640 cfs ' TH. 5°0I of sandstone bedrock, ) . -
%%YERTFEESCEIEI'LO& HEADWATER COMPUTATION
P e £ o (- 38 T IKLET_COxTa0L OUTLET CONTROL 1w=H1h~LS,
SRR R ER N £
LI ] R R RS E U B ¢ 1D ) o |2 Lk COMMENTS
S §§§ gz EE; £ 13 g ey 0 HW Ko | # ] & 35— [TW [ R LS 'Il'\\‘ %’- g: EE .
ReCotom= 0.7 | 08100 |07 19507 {0.5] o o | o 2 |°
13.8' X 8.9' trth|apprpximitely 1.d' of foncrete foting exposed.
13.8' X &' X 18 |=0 {05 |40 [0.7] 0.6 2.4]5.2 | 3.3[5.2{0.1)57 0.7 57 4.0| Barre] Velocity
13.8' X §' X 8 (640 |1.0 8.0 |0.7] 2.5 45{6.2 | 5.0[6.2|/0.1|8.6| 1.1 8.6} 7.4| Barrel Velocity

SUMWARY ' AND R[-COI-!II(HDATIONS
For (2 = 280 cfs ‘Yb = 4.0 fps T
For Q50 = 640 cfs Vb=74fHs 6

5.6 ft. (n = 0,035} for the culvert barrel.”

8.0 ft. (n = 0.035) for the culvert barrel.

O g Catiel qgengile fod biwp FLHL - UMY B yumIR, Dhem
!
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APPENDIX F

STREAM BED MATERIAL GRADATION DATA



DEPARTMENT OF TRANSPORTATION REPORT OF TESTING

FEDERAL HIGHWAY ADMINISTRATION Aug 21, 199%0

WESTERN DIRECT FEDERAL DIVISION LABORATORY CONTROL NUMBER

MATERIALS SECTION AG88-~01-0035

PROJECT NAME: FISH PASSAGE STUDY AGENCY: WDFD

ACCT NQ.: 191-17-41-51-0000-002H PROJECT NUMBER:

SUBMITTED BY: MARK BROWNING DATE SAMPLED: 12-15-87

ADDRESS: 610 E 5TH 8T DATE SHIPPED: - -
VANCOUVER WA 98661-3893 DATE RECEIVED: 01-04-88
PHONE: 206-696-7767 SAMPLE OF:

SAMPLED BY: BRYANT/HOWARD SAMPLE NO.: MT. SCOTT CR CULVERT

NC. SACKS: DEPTH: INTENDED USE:

SQURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER:

COUNTY : STATE: OR TYPE OF DEPOSIT:

REMARKS :

® ok ok ok ok ok ok ok k k Xk X k Kk * *k * ¥ * * *x Kk *k ¥ * * % * *k % &k * * * ¥ % *

SIEVE ANALYSIS
AS RECEIVED

SIEVE PERCENT
SIZE PASSING
5" 100.0
4" 94.7
3" 94.7
2" 90.4
11/2" 84.8
1 69.0
3/4" 59.1
172" 43.8
3/8" 35.4
#4 22.1
$10 12.2
#40 2.5
#100 1.3
#200 1.0

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGB8-01-0035)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTICN

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000~-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD

REFORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGB8-01-0034

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: NEWELL CREEK

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER 3
COUNTY STATE: OR TYPE OF DEPOSIT:
REMARKS:

* Kk kK x % Kk Kk Kk Kk ok Kk k x * ® *k Kk & *x & F *k *k Kk *k %k k *k ¥ Kk Kk &k w k ¥ *x *

SIEVE
SIZE

3"

2Il
11/2°
1
3/4"
1/2"
3/8"

#10
#40
#100
#200

STEVE ANALYSIS
AS RECEIVED

PERCENT
PASSING

100.
94.
g4,

w
o
SNl N oO N D O

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGB88-01-0034)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98B661-3893
PHONE: 206-696-=7767
SAMPLED BY:

REPORT QOF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGB88-01-0007

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: CCOL CREEK CULVERT

NO. SACKS: DEPTH: INTENDED USE:

SOQURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER 3
COUNTY : STATE: OR TYPE OF DEPQOSIT:
REMARKS:

* ok ok ok ok ok ok ok ok ok Kk ok ok ok ok

SIEVE
SIZE

6"
5||
4"
3"
20

1 1/2¢
1m
3/4°
1/2"
3/8"
#4
#10
#40
#100
#200

¥ * k& *x * * * Kk *k * * % Kk *x * k * * *x K

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

w
(=)}
W W MWN WL QR &~ -0

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABQORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0007)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTICN

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767

REFQORT QF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGB8-01-0005

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE QOF:

SAMPLED BY: SAMPLE NO.: LOST CREEK CULVERT
NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER:

COUNTY: STATE: OR TYPE QOF DEPOSIT:

REMARKS :

* k k Kk Kk k Kk % k% Kk * *k * %k * %k x * *k * % * *k Kk *k & %k ¥ Kk ¥ & &k ¥ &k F* Kk ¥

SIEVE
SIZE

4n
3'r
o
11/2¢
1"
374"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS
AS

RECEIVED

PERCENT
PASSING

190.
93.
83.
76,
60,
54.
46.
42.
35.
27.

4.
G.
0.

WO oO MWDo Wwooh o

A A e e e T T -

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY 5. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES {AG88-01-0005)

F-4



DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAIL. DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0008

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: (01-04-88
SAMPLE QOF:
SAMPLE NO.: POLALLIE CREEK

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - = QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER :
COUNTY: STATE: OR TYPE OF DEPOSIT:
REMARKS :

*® ok k k& k k *k k % ¥ & k kx * * * * ¥ % * * * * &k *k * % * K % * * * * * * *

SIEVE
SIZE

i
6!!
4n
3II
2|-

1 1/2"
"
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.0
77.3
64.1
54.6
40.8
31.0
25.3
22.1

e e e T T W . R e e e

RAYMOND E., ROSENBAUM
CHIEF MATERIALS LABCRATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0008)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E STH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0020

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01~04-88
SAMPLE QF:
SAMPLE NO.: MOFFET CREEK

NQ. SACKS: DEPTH: INTENDED USE:

SOURCE NQG.: - = QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER :
COUNTY: STATE: OR TYPE OF DEPQSIT:
REMARKS:

¥ kK k Kk k Kk k % * * * *x k % Kk % * & * x % %k * * * * * * % * x k % k % *k ¥

SIEVE
SIZE

5"

4"

3r1

2n

1 1/2"
l"
3/4"
1/2"
3/8"

#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
90.
79.
51.
39.
27.
22.
17.
14.

O -Jddb iR~ ooc o

o Bl R ¥y JE e ]

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0020)
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DEPARTMENT OF TRANSPORTATION REPORT OF TESTING

FEDERAL HIGHWAY ADMINISTRATION Aug 21, 1590

WESTERN DIRECT FEDERAL DIVISION LABORATORY CONTROL NUMBER

MATERIALS SECTICN : AG88-01-0019

PROCJECT NAME: FISH PASSAGE STUDY AGENCY: WDFD

ACCT NO.: 191-17-41-51-0000-002H PROJECT NUMBER:

SUBMITTED BY: MARK BROWNING DATE SAMPLED: 12-15-87

ADDRESS: 610 E 5TH ST DATE SHIPPED: - -
VANCOUVER WA 98661-3893 DATE RECEIVED: 01-04-88
PHONE: 206-696-7767 SAMPLE OF:

SAMPLED BY: SAMPLE NO.: LITTLE LOOKINGGLASS

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER:

COUNTY : STATE: OR TYPE CF DEPOSIT:

REMARKS :

% * % *k ok k k *k k k% Kk * * *x *k % *k * * * * * * * * & % * k %k ¥ K * * & * &

SIEVE ANALYSIS
AS RECEIVED

SIEVE PERCENT
SIZE PASSING
5" 100.0
4!1 91.6
3 80.9
2" 69.4
1 1/2" 63.8
1 49.0
3/4r 41.0
/2" 31.0
3/8” 26.3
#4 17.2
#10 9.4
#40 1.8
#100 0.9
#200 0.6

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0019)

F-7



DEPARTMENT OF TRANSPORTATION
FEDERAL, HIGHWAY ADMINISTRATICON
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUEMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST

VANCOUVER WA 98661-3893

REPORT QF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0033

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

PHONE: 206-696-7767 SAMPLE OF:
SAMPLED BY: BRYANT/HOWARD SAMPLE NO.: TAMARACK GULCH
NO. SACKS: DEPTH: INTENDED USE:
SOURCE NO.: - - QUANTITY REPRESENTED:
SQOURCE NAME:
LOCATION: OWNER::
COUNTY ¢ STATE: OR TYPE QF DEPOSIT:
REMARKS :

* k ok ok k ok Kk k Kk kK k k *k Kk k % *k * Kk *F * *F Kk * * *k * k& * Kk k Kk K, Kk * Kk %

SIEVE
SIZE

4!!
3l|
2
11/2
e
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

AS

SIEVE ANALYSIS

RECEIVED

PERCENT
PASSING

w
[ %))
Odlo@WwwoUnLnEninhyo

RAYMOND E., ROSENBAUM
CHIEF MATERIALS LABQORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0033)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY:; MARK BROWNING
ADDRESS: 610 E STH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTRCL NUMBER
AG88-01-0004

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: (01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NO.: & F. CHESNIMUS CREEK
NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATIQON: OWNER :

COUNTY: : STATE: OR TYPE OQF DEPOSIT:

REMARKS ¢

* k k k * *k Kk Kk Kk Kk k %k k * Kk F *k Kk * *k *k % Kk * x &k * * * &k * *F &k * * F *

SIEVE
SIZE

5n
4|f
3n
20
11/2"
bR
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
86.
86.
82.
74.

LI

[1=Y
8]
OO WD O =] WO RO DO OO

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERTIALS ENGINEER

PAGE 1 OF 1 PAGES (AGE8B-01-00C4)

F-9



DEPARTMENT OF TRANSPORTATION
FEDERAT, HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO,: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:

REPORT OF TESTING
Aug 21, 1990
LABORATQRY CONTROL NUMBER
AG88-01-0002

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: DEVILS RUN CREEK

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SCURCE NAME:

LOCATIOQON: OWNER:
COUNTY: STATE: OR TYPE OF DEPOSIT:
REMARKS:

¥ * x k * Kk k Kk Kk k k k k % & & & * *k x k¥ k % k k & %k * * * F* ¥ % * &k ¥ K

SIEVE
SIZE

4n
3n
2n

1 1/2°
1||
3/4
1/2"
3/8:1
#4
#10
#40
#100
#200

STEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
95.
72.
58.
44,
37.
29,
25.
19.
11.

1.
0.
0.

MmN e oo

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0002)

F-10



DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISICN
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98B661-3893
PHONE: 206-6%6-7767
SAMPLED BY:
NO. SACKS: DEPTH:
SOURCE NO.: - - QUANT
SOURCE HNAME:
LOCATION:
COUNTY : STATE: OR

REMARKS 3
* ok % ok Kk Kk Kk Kk % k Kk k % ¥ k %

SIEVE
SIZE

an

3

o

1 1/2°
i
3/4r
l/2n
3/8n

#10
#40
#100
#200

PAGE 1 OF 1

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0012

AGENCY: WDF¥D
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: BILLY CREEK
INTENDED USE:
ITY REPRESENTED:

OWNER:
TYPE OF DEPOSIT:

* k ok Kk Kk k % k k% k Kk Kk * k % k & *k * Kk *

SIEVE ANALYSIS
AS RECEIVED

PERCENT
PASSING

100.
90.
74.
66.
53.
46.
37.
33.
24,
15.

2,
1,
0.

SIFE AN MWDo e D

—_— e e e e e e e e i — — — — —

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FCR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGES (AGB88-01-0012)

F-1



DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINTISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E S5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:

REPORT OF TESTING
Aug 21, 1590
LABORATORY CONTROL NUMBER
AG88-01-0006

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIFPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE HNO.: CAMP CREEK

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LCCATION: OWNER:
COUNTY ¢ STATE: OR TYPE QOF DEPOSIT:
REMARKS:

* ok ok ok ok *k &k Kk Kk K Kk k Kk * * %

SIEVE
SIZE

5|r
4"
3Il
2ll

1 1/2"
11!
374"
1/2"
3/8"
#4
#10
#40
£100
#200

* k * Kk Kk % k k * Kk % k *k * *® & * * * * *

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
89.
83.
76.
72.
60.
51.
40.
34,
25.
18.

1,
0.
0.

=t O OO 00 N e WD e T O

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABCRATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0006)

F-12



DEPARTMENT QF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 131-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:

REPCORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88~-01-0017

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NC.: DOE CREEK

NO. SACKS: DEPTH: INTERDED USE:

SOURCE NO. : - = QUANTITY REPRESENTED:

SQURCE NAME:

LOCATION: OWNER :
COUNTY : STATE: OR TYPE OF DEPOSIT:
REMAREKS :

e ok %k k * ok k Kk Kk * Kk Kk %k Kk %k * %k *x % *k k k *k *k Kk * * Kk % *k * k * *® % & X

SIEVE
SIZE

5"
4
3n
2n

1 1/2"
1"
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
94 .
83.
70.
62.
47.
40.
33.
31.
25.
17.

2.
1.
0.

OO H WM& o

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSCN
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0017)
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DEPARTMENT CF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PRCJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-77687

REPORT OF TESTING
Aug 21, 1§90
LABCRATCRY CONTROL NUMBER
AGB88-01-0014

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NOC.: GUMBOOT CREEK
NO. SACKS: DEPTH: INTENDED USE:
SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LCCATION: SITE DY

COUNTY : STATE: OR
REMARKS:

OWNER :
TYPE OF DEPQOSIT:

k ok ok ok ok ok ok ok Kk ok Kk Kk Kk k Kk % Kk k * Kk k k% Kk *k * *k * Kk * & * k * * * &k *

SIEVE
STZE

6"
gu
4
3n
2n

1 1/2"
1"
3/4"
172
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

FPERCENT
PASSING

100.
79.
72.
65,
41.
34.
25.
21.
15.
12.

HEWRPrOoCOWOORUE NP2 O

[l o oo BN FU RN |

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERTIALS ENGINEER

PAGE 1 OF 1 PAGES (AGB88-01-0014)

F-14



DEPARTMENT OF TRANSPORTATICN
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

REPORT OF TESTING
Aug 21, 1890
LABORATORY CONTROL NUMBER
AGB8-01-0037

PROJECT NAME: FISH PASSAGE STUDY AGENCY: WDFD

ACCT NO.: 1891-17-41-51-0000-002H PROJECT NUMBER:

SUBMITTED BY: MARK BROWNING DATE SAMPLED: 12-15-87

ADDRESS: 610 E 5TH ST DATE SHIPPED: - -
VANCOUVER WA 98661-3893 DATE RECEIVED: 01-04-88
PHONE: 206-696-7767 SAMPLE OF:

SAMPLED BY: BRYANT/HOWARD SAMPLE NO.: ELK CREEK

NG. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER 3

COUNTY: STATE: OR TYPE OF DEPOSIT:

REMARKS :

& * k k k Kk % Kk *k Kk * * * Kk * Kk x *k * *k * * k * * * & * * Kk & * * * K * &

SIEVE
SIEZE

SII
4|r
3"
2"

1 1/2"
1"
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

100.
83.
76.
48,
37.
28.
20,
1z,

PERCENT
PASSING

OO U

WO W WO OO

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FCR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGSB88-01-0037)

F-15



DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VARCOUVER WA 98B661-3893
PHONE: 206-6%6-7767
SAMPLED BY:
NO. SACKS: DEPTH:
SOURCE NO.: - -
SOURCE NAME:
LOCATION:
COUNTY:
REMARKS :

STATE: OR

REPORT OF TESTING
Aug 21, 1990
TLARQRATORY CONTROL NUMBER
AG88-01-0003

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87

DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:

SAMPLE NO.: CHESNMUS CREEK
INTENDED USE:

QUANTITY REPRESENTED:

OWNER :
TYPE OF DEPOSIT:

* k% k Kk * k Kk Kk Kk *k & Kk * &k * * * * k * *k * * *k *k *k *x *x *k * * & * Kk * & &

SIEVE
SIZE

4"
3||
2ll
11/2¢
lll
3/4"
/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

[ ¥5)
oL
Wik OO WwiFEomubo

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGB8-01-0003)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PRCJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING

ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:
NG. SACKS: DEPTH:
SOURCE NO.: - -
SOURCE NAME:
LOCATION: 0+11 11.5RT
COUNTY: STATE: CR
REMARKS :

REPORT OF TESTING
Aug 21, 1980
LABCRATORY CONTROL NUMBER
AG88-01-0018

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE QOF:
SAMPLE NO.: crow CREEK

INTENDED USE:

QUANTITY REPRESENTED:

OWNER :
TYPE OF DEPOSIT:

¥ k * k¥ Kk k kX k *x * Kk k * & * * * k* *x *k % % k *k * *k k * *k * k *k % *k % % *

SIEVE
SIZE

5II
4"
3"
2”

1 1/2"
11!
374"
/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
87.
87.
75.
71.
67.
62,
51.
43.
24,
11.

3.
1,
0.

WP, <IN OO

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0018)
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*_I

DEPARTMENT QOF TRANSPORTATION
FEDERATL, HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING

ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:
NO. SACKS: DEPTH:
SOURCE NO. - -
SOURCE NAME:
LOCATION: SITE 1
COUNTY : STATE: CR
REMARKS:

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGBB-01-0009

AGENCY: WDFD

PROCJECT NUMBER:

DATE SAMPLED: 12-15-87

DATE SHIPPED: - -

DATE RECEIVED: 01-04-88
SAMPLE QF:

SAMPLE RO.: MEACHAM CREEK NO. 1

INTENDED USE:

QUANTITY REPRESENTED:

OWNER :
TYPE OF DEPOSIT:

k ok ok ok kA k ok % k k * Kk K Kk &k *k k F* *x Kk k x k Kk % Kk * % * * % * % * * * %

SIEVE
SIZE

4"

3!!

2II

1 1/2"
lll
3/4"
1/2"
3/8"

#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
97.
86 .
79.
60.
48,
36.
32.
23.
15.

4,
2,
1.

N -1 O W oL oo

RAYMOND E. ROCSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0009)
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DEPARTMENT OF TRANSPORTATION
FEDERATL, HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH 8T
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY:
NO. SACKS: DEPTH:
SOURCE NO.: - -
SOURCE NAME:
LOCATION: SITE 5
COUNTY:
REMARKS:

STATE: OR

REPORT OQOF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0010

AGENCY: WDFD

PROJECT NUMBER:

DATE SAMPLED:

DATE SHIPPED:

DATE RECEIVED:

SAMPLE OF:

SAMPLE NO.: MEACHAM CREEK NO. 6
INTENDED USE:

12-15-87

01-04-88

QUANTITY REPRESENTED:

OWNER :
TYPE QF DEPOSIT:

* ok k k k k Kk k k k Kk % Kk *F * & Kk Kk K Kk * * Kk % & k F *k * * & % * * F * F

- SIEVE
SIZE

4"
3'1
2”
11/2
1"
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCEKNT
PASSING

100.
95.
84.
76.
54,
446,
35.
31.
23.
15,

3.
1.
0,

(Yo lNw Vel FERLT I N Vo I St et e NENe B L ]

e e e M e e s ——

RAYMOND E. ROSENBAUM
CHIEF MATERTALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGBB-01-0010)
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DEPARTMENT OF TRANSPORTATION
FEDERAT, HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERTALS SECTICN

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E S5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD
NO. SACKS: DEPTH:
SOURCE NO.: - -
SOURCE NAME:
LOCATIQON: SITE &
COUNTY:
REMARKS:

STATE: CR

REPCOR'T OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0036

AGENCY:
PROJECT NUMBER:
DATE SAMPLED:
DATE SHIPPED:
DATE RECEIVED:
SAMPLE OF:

SAMPLE NO.: MEACHAM CREEK NO. 7
INTENDED USE:

WDFD
12-15-87

01-04-88

QUANTITY REPRESENTED:

OWNER ¢

TYPE OF DEPQOSIT:

% 0k k ok % k k Kk * *k k k Kk %k Kk Kk &® * & * Kk *x k K% *k * *k * * *k % % * *k * K %

SIEVE
SIZE

SII
4“
3"
2"

1 1/2"
l n
3/4
1/2"
3/8"
#4
#10
#40
#100
$200

SIEVE ANATLYSIS

AS RECEIVED

PERCENT
PASSING

100.
9z.
88.
70.
53.
29.
15,

Bl PN NW NN WU R D

SO MWl -

e — e Ty ke A ——

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERTALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0036)
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DEPARTMENT OF TRANSPORTATION
FEDERAT, HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 986613893
PHONE: 206-696-7767

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0011

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NQ.: SHEEP CREEK
NO. SACKS: DEPTH: INTENDED USE:
SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: SITE 8

COUNTY: STATE: OR
REMARKS:

OWNER:
TYPE OF DEPOSIT:

* % k Kk k % Kk *k *k *k *k k k * K K * Kk F % % % *k *k *k & * & * * & * *k ¥ & * %

SIEVE
SIZE

7!!

6”

4"

3||

2"

1 1/2"
l"
3/4"
1/2
3/8"

#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
72.
72.
57.
33.
23.
16,
14.
11.

WYl oMNOhWOYO o

OO O W D

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY 3. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0011)
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DEPARTMENT COF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERTALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-38593
PHONE: 206-696-7767

REPORT OF TESTING
Aug 21, 1950
LABORATORY CONTROL NUMBER
AGB8-01-0022

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NO.: CANYON CREEK NQO.1
NO. SACKS: DEPTH: INTENDED USE:
SOURCE NO. : - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: WICKIUP CAMPGROUND
COUNTY: STATE: COR
REMARKS:

OWNER:
TYPE OF DEPQOSIT:

* %k % k& k % % & ok ok F ok ok k Kk k F ok o ok A * ok ok ok k F ok ok ok Kk k k F k kK

SIEVE
SIZE

4"
31’!
2!!

1 1/2"
1"
3/4-
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
89.
72.
67.
56.
49.
40,
36.
26.
16.

3.
g.
0.

MWW O] -] O

— W A e e o e k. i —t  ———

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSQON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0022)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E S5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD

REPORT OF TESTING
Aug 21, 19990
LABORATORY CONTROL NUMBER
AG88-01-0024

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
: SAMPLE OF:
SAMPLE NO.: MIDDLE FK. CANYON CR

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER:
COUNTY : STATE: COR TYPE OF DEPOSIT:
REMARKS:

* k k ok ok k *k Kk k Kk W Kk ok F *k * *k K% % *k k * Kk Kk k * %k X * Kk * * *k % * & *

SIEVE
SIZE

Sll
4’!
3II
2"

1 1/2”
lll
3/4"
/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
96.
96.
93.
85,
73.
63.
52.
45.
31.
18.

3.
1.
0.

=N NNO DN =D

e T e T —

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0024)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERTALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST

VANCOUVER WA 9B661-3893

REPORT OQF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGB88-01-0023

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

PHONE: 206-696~7767 SAMPLE OF:
SAMPLED BY: SAMPLE NO.: CANYON CREEK NO. 3
NO. SACKS: DEPTH: INTENDED USE:
SOQURCE NO.: - - QUANTITY REPRESENTED:
SQURCE NAME:
LOCATION: SITE 3 OWNER:

COUNTY: STATE: OR
REMARKS ¢

TYPE OF DEPOSIT:

x % %k * & Kk Kk * *k k¥ Kk F* % * Kk %k *k * % & *k Kk *k % * * &k * 4 % % Kk %k *k * * *

SIEVE
SIZE

4]1

3II

2"
11/2"
1II
374"
1/2n
3/8”

#10
#40
#100
#200

AS

SIEVE ANALYSIS

RECEIVED

PERCENT
PASSING

100,
B7.
68.
62,
50.
44.
37.
33.
23,
17.

4,
1.
0.

OO ONNWoWwWo

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABCRATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGHEB-01-0023)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000~002H
SUBMITTED BY: MAREK BROWNING
ADDRESS: 610 E STH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767

REPORT OF TESTING
Aug 21, 19350
LABORATORY CONTROL NUMBER
AG88-01-0016

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:

"SAMPLED BY: SAMPLE ND.: RUBY CREEK
NO. SACKS: DEPTH: INTENDED USE:

SQURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER :
COUNTY: STATE: COR TYPE OQF DEPOSIT:
REMARKS ¢

* Kk k k * k Kk Kk Kk Kk Kk Kk ok F *k Kk Kk *k %k * * * *k &k * & & Kk *k ¥k * Kk *F & * K, *

SIEVE
SIZE

4!.
3"
2"
1.1/2"
lll
3/4"
1/2"
3/8||
#4
#10
#40
#100
#200

SIEVE ANALYSIS
AS RECEIVED

PERCENT
PASSING

100.0
93.
85.
78.
64.
57.
48.
42,
31.
20.

5.
1.
0.

O DN NN &~ O D~

RAYMOND E., ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGB8-01-0016)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISICN
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE S5TUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCQUVER WA 9B661-3893
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD
NO. SACKS: DEPTH:
SOURCE NO.: - -
SOURCE NAME:
LOCATION:
COUNTY:
REMARKS:

STATE: OR

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0029

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: BIG CREEK

INTENDED USE:

QUANTITY REPRESENTED:

OWNER:
TYPE OF DEPOSIT:

k % k *k kK Kk *k * Kk *k *k *k * *k * Kk k *k * *k *k * * &k F* Kk K % &k %k * *k * * % ¥ *

SIEVE
SIZE

"
6"
5“
4n
3"
o

1 1/2"
1"
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
86.
B6 .
76.
56,
48.
42,
33.
28.
24,
21.
15.
10.

3.
0.
0.

wmOWnaROWwWOinnw sl o

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0029)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0015

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: (01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NO.: INDIAN CREEK
NO. SACKS: DEPTH : INTENDED USE:

SQURCE NQO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER :
COUNTY: STATE: OR TYPE OF DEPQSIT:
REMARKS :

k% ok ok ok ok ok ok Kk ok ok ok ok ok k Kk k k ok * Kk x Kk * Kk *k Kk K k Kk *F K * Kk Kk % K

SIEVE
SIZE

g
3!1
2"
11/2"
in
3/4"
1/2"
3/8"
#4
#10
#40
#1009
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
91.
61.
44,
33.
28.
21.
17.
11.

ChE b OWUu oUW o210

Lol S RS

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0015)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-686-7767
SAMPLED BY: BRYANT/HOWARD
NO. SACKS: DEPTH:
SQURCE NO.: - -
SQURCE NAME:
LOCATION: SITE 1
CQUNTY :
REMARKS:

STATE: OR

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGB8-01-~0028

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - =
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: GRANITE NO. 1

INTENDED USE:

QUANTITY REPRESENTED:

OWNER :
TYPE OF DEPOSIT:

* ok ok ok ok A ok ok k h k kK % k Kk Kk h k k Kk Kk Kk * & ¥ * * Kk *k * * * * * * * &

SIEVE
SIZE

7"
6"
5ll
41!
3!!
211

1 1/2¢
lll
3/4
1/2"
3/8"
#4
#10
$40
$100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
B9.
89.
79.
19.
65.
56,
41,
35.
27.
22,
15.

8

W =l N =1 @O S QWL -] 1O

1.
0.
0.

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0028)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-~51-0000-~002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 6i0 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD
NO. SACKS: DEPTH:
SOURCE NO.: - -
SOURCE NAME:
LOCATION: SITE 2
COUNTY :
REMARKS ;

STATE: CR

REPORT OF TESTING
Aug 21, 1990
LABORATQORY CONTROL NUMBER
AG88-01-0027

AGENCY: WDFD
PROJECT NUMBER?:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: (01-04-88

SAMPLE OF:

SAMPLE NO.: GRANTE NO. 2
INTENDED USE:

QUANTITY REPRESENTED:

OWNER :
TYPE OF DEPQOSIT:

* % * Kk Kk Kk ¥ Kk * * * Kk *k * * ¥ * * * *k * *k * *k * *x * ¥ * ¥ * *k * * * ¥ *

SIEVE
SIZE

?H
Grl
5"
4"
3"
2"

1 1/2"
l”
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

106.0
90.5
84.2
60.3
50.2
41.6
34.7

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0027)
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DEPARTMENT CF TRANSPORTATION REPORT OF TESTING

FEDERAL HIGHWAY ADMINISTRATION Aug 21, 15990

WESTERN DIRECT FEDERAL DIVISION LABORATORY CONTROL NUMBER

MATERIALS SECTION . AGBB8-01-0026

PROJECT NAME: FISH PASSAGE STUDY AGENCY: WDFD

ACCT NO.: 191-17-41-51-0000-002H PRCJECT NUMBER:

SUBMITTED BY: MARK BROWNING DATE SAMPLED: 12-15-87

ADDRESS: 610 E 5TH ST DATE SHIPPED: - =
VANCOUVER WA 98661-3893 DATE RECEIVED: 01-04-88
PHONE: 206-696-7767 SAMPLE OF:

SAMPLED BY: BRYANT/HOWARD SAMPLE NO.: GRANITE NO. 3

NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: SITE 3 OWNER:

COUNTY: STATE: OR TYPE QOF DEPOSIT:

REMARKS:

* Kk * kK ok k k% * Kk * * Kk Kk K * *x *k * k *k k k Kk k Kk &k *k * *k % ¥ Kk * * * Kk ¥

S1EVE ANALYSIS
AS RECEIVED

SIEVE PERCENT
SIZE PASSING
5" 100.0
4" 79.7
3" 68.1
2" 54.4
1 1/2” 48.3
1 40.6
3/4" 36.2
1/2¢ 30.5
3/8" 28.2
#4 22.9
#¥10 15.0
#40 4.0
#100 1.6
#200 0.9

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0026)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AGB88-01-0021

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NO.: SUNFLOWER CREEK
NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER ¢

COUNTY: STATE: OR TYPE OF DEPGSIT:

REMARKS :

* 0k Kk ok o Kk Kk Kk Kk Kk k * * *k ok *

SIEVE
SIZE

BII

7"

31‘

2"

1 1/2~
l!l
3/4"
1/2"
3/8"

#10
#40
#100
#200

PAGE 1 QOF 1

* Kk k o, k ok * ok Kk Kk k * * * *F *k * * * * *

SIEVE ANALYSIS
AS RECEIVED

PERCENT
PASSING

100.
67.
58.
42,
32.
26.
23.
19.
17.
13.

g,

MM IO MWD O

1
0.
0

. e e e o L S A o

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABCRATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGES (AGB8-01-0021)
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DEPARTMENT OF TRANSPORTATICN
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: YISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206~696-7767
SAMPLED BY: BRYANT/HOWARD

REPORT OF TESTING
Aug 21, 1590
LABORATORY CONTROL NUMBER
AG88-01-0025

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-87
DATE SHIPFED: - -
DATE RECEIVED: 01-04-88
SAMPLE OF:
SAMPLE NO.: MARKS CREEK

NO. SACKS: DEPTH: INTENDED TSE:

SOURCE NO.: - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER 3
COUNTY : STATE: OR TYPE OF DEPOSIT:
REMARKS ¢

* % * k *k k kK Kk Kk % k Kk * * * Kk * %« * * k& * * * %k % k F k * Kk & Kk * Kk F Kk

SIEVE
SIZE

6::
5n
4"
311
2!!

1 1/2°
1™
374"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
93.
93.
88.
82.
78.
67.
538,
45.
37.
23,
13.

5,
1.
G.

MWOoOWoOUNEW-ITUNWwWh,mo

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERIALS ENGINEER

PAGE 1 OF 1 PAGES (AGB8-01-0025)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-C02H
SUBMITTED BY: MARK BROWNING
ADDRESS: €10 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767

REPCRT OF TESTING
Aug 21, 1590
LABORATORY CONTROL NUMBER
AGB8-01-0001

AGENCY: WDFD
PROCJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:

SAMPLED BY: SAMPLE NO.: BROWNS CREEK
NO. SACKS: DEPTH: INTENDED USE:

SOURCE NO. : - - QUANTITY REPRESENTED:

SOURCE NAME:

LOCATION: OWNER:
COUNTY: STATE: OR TYPE OF DEPOSIT:
REMARKS:

* * * Kk k k k Kk * Kk Kk %X *k *x *k & *k &k k Kk k Kk Kk * * k% Kk *k % k * * & k * & *

SIEVE
SIZE

3"
2"

1 1/2
1
3/4"
1/2"
3/8"
#4
#10
#40
#100
#200

SIEVE ANALYSIS

AS RECEIVED

PERCENT
PASSING

100.
96.
g2.
76.
66.
51.
42,
23,
12,

3.
0.
g.

tod NI e = o

RAYMOND E. ROSENBAUM
CHIEF MATERIALS LABORATORY

FOR EMORY S. RICHARDSON
MATERTALS ENGINEER

PAGE 1 OF 1 PAGES (AG88-01-0001)
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTICN

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-~0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-38913
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD
RO. SACKS: DEPTH:
SOURCE NO.: - -
SQURCE NAME:
LOCATION:
COUNTY:
REMARKS :

STATE: CR

REPCRT CF TESTING
Aug 21, 194G
LABORATORY CONTROL NUMBER
AG8B8-01-0032

AGENCY: WDFD
PROJECT NUMBER:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
DATE RECEIVED: 01-04-88

SAMPLE OF:
SAMPLE NO.: LOWE CREEK
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DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-~7767
SAMPLED BY: BRYANT/HOWARD
NO. SACKS: DEPTH:
SOURCE NO.: -
SOURCE NAME:
LOCATION:
COUNTY :
REMARKS :

STATE: OR

SAMPLE NO.:

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTRCL NUMBER
AG88-01-0030

AGENCY: WDFD

PROJECT NUMBER:

DATE RECEIVED:

DATE SAMPLED: 12-15-87
DATE SHIPPED: - -
01-04-88
SAMPLE OF:

POOP CREEK

INTENDED USE:

QUANTITY REPRESENTED:

OWNER =

TYPE OF DEPOSIT:
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FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISICN
MATERIALS SECTION

PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E 5TH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED BY: BRYANT/HOWARD

REPORT OF TESTING
Aug 21, 1990
LABORATORY CONTROL NUMBER
AG88-01-0031

AGENCY: WDFD
PROJECT NUMBER:
DATE SAMPLED: 12-15-B7
DATE SHIPPED: - -
DATE RECEIVED: (01-04-88
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SAMPLE NO.: PINE CREEK
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DEPARTMENT CF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WESTERN DIRECT FEDERAL DIVISION
MATERIALS SECTION

" PROJECT NAME: FISH PASSAGE STUDY
ACCT NO.: 191-17-41-51-0000-002H
SUBMITTED BY: MARK BROWNING
ADDRESS: 610 E STH ST
VANCOUVER WA 98661-3893
PHONE: 206-696-7767
SAMPLED RBRY: BRYANT/HOWARD
NO. SACKS: DEPTH:
SOURCE NO.: - - QUANT
SOURCE NAME:
LOCATION:
COUNTY: STATE: OR
REMARKS:
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APPENDIX G

QUTLET SCOUR ANALYSES



Q2
Q50
D50

VO
Wo

YE
FR
HS

LIST OF SYMBOLS AND DIMENSIONS

Two year flood, in cubic feet per second (cfs}
Fifty year flood, in cubic feet per second {cfs)

Particle size from gradation curve such that 50 percent of the
mixture is finer by weight, in feet (ft)

Culvert tailwater, in feet {ft)
Culvert outlet velocity, in feet per second {fps)
Width of culvert outlet, in feet (ft)

Flow area at the culvert outlet, in square feet (ftZ), or culvert
drainage area in square miles

Equivalent depth at the culvert outlet, in feet (ft)
Froude number

Scour depth at culvert outlet, in feet (ft)
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LOCATION

SCOTT
SCOTT
NEWELL
NEWELL
caoL

cooL

LosT

LOST
POLLALIE
POLLALIE
MOTTET
MOTTET

t. LOOKING
L. LOOKING
TAMARACK
TAMARACK

S.F. CHESNIMUS
S.F. CHESNIMUS

DEVIL'S
DEVIL'S
BILLY
BILLY
CAMP
CAMP
DOE

DOk

CULVERT OUTLET SCOUR

FLGOD Q vo D50 TW WO A YE HS
FREQ CFS FPS FT FT FT SF FT FR FT TW/YE HS/D50
2 170 11.00 0.06 1.70 10.00 15.45 2.78 1.76 4.29 0.61 71.50
50 260 15.00 D.C6 3.00 10.00 17.33 2.94 1.54 8.02 1.02 133.68
2 95 4.00 0.01 1.60 14.00 23.75 3.45 0.38 -3.11 0.46 -474.53
50 275 5.00 0.0] 2.80 14,00 45.83 4,79 0.48 -2.78 0.58 -423.10
2 145 4.60 0.17 Z.50 14.00 31.52 3.97 0.41 -3.25 0.63 -18.12
50 365 6.30 0,17 5.60 14,00 57.94 5.38 0.48 -3.20 1.04 -18.82
2 255 5.80 0.06 Z.50 18.20 43.97 4.69 0.47 -2.88 0.53 -48.05%
50 650 8.20 D.06 4.70 18.20 79.27 6.30 0.58 -1.83 0.75 -30.45
2 265 21.50 0.25 3.30 12.70 12.33 2.48 2.40 i3.47 1.33 53.87
50 6%0 29.50 0.25 4.70 12.70 23.39 3.42 2.81 22.90 1.37 91.58
2 125 16.40 0.17 3.00 5.67 7.62 1.95 2.07 8.54 7.54 50.23
50 375 20.50 0.17 4.50 5.67 18.29 3.02 2.08 13.31 1.62 78.31
2 195 5.00 0.08 2,40 17.50 32.50 4.03 0.53 -1.79 0.60 -22.39
50 560 8.00 0.08 4,60 17.50 70.00 5.92 0.58 -1.65 0.78 -20.61
2 1 5.50 0.02 0.80 6.00 2.00 1.00 0.97 0,94 0.80 46.94
50 55 9.60 0.02 1.40 6.00 5.73 1.69 1.30 3.34 0.83 167.03
2 23 8.00 0.06 0.60 6.70 2.88 1.20 1.29 2.32 0.50 37.09
50 107 12.50 0.06 1.30 6.70 8.56 2.07 1.53 5.58 0.63 89.24
2 28 3.70 0.13 0.90 10.20 7.57 1.95 0.47 ~1.22 0.46 -9.79
50 129 5.70 0.13 1.80 10.20 22.63 3.36 0.55 -1.27 0.56 ~10.19
2 45 4.50 0.08 1.90 6.30 10.00 2.24 £.53 -0.97 0.85 -12.10
50 125 7.70 0.08 3.00 6.30 17.61 2.97 0.73 0.53 1.01 6.68
2 153 8.40 0.06 1.60 7.50 18.21 3.02 0.85 1.73 0.53 28.82
50 619 13.80 0.06 3.3 7.50 44,86 4,74 1.12 6.64 0.70 110.68
2 25 3.90 0.08 i.l0 7.70 6.41 1.79 0.51 -0.87 0.61 -10.85
50 116 6.10 0.08 2.70 7.70 19.02 3.08 0.61 -0.55 0.88 -6.82
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CULVERT OUTLET SCOUR
FLOOD 0 VO D50 ™ ) A YE HS
LGCATION FREQ CFs FPS FT FT FT SF FT FR FT TW/YE HS /D50
GUMBOOT 2 142 5.80 0.21 1.50 15.00 24.48 3.50 0.55 -1.34 0.43 -6.37
GUMBOOT 50 444 8.20 0.21 2.40 15.00 54.15 5.20 0.63 -0.57 0.46 -2.73
ELK 2 n 3.90 0.17 1.00 13.90 18.21 3.02 0.40 -2.58 0.33 -15.15
ELK 50 333 6.00 0.17 2.20 13.90 55.50 5,27 0.46 -3.43 0.42 -20.15
CHESNIMUS 2 9] 1.80 0.12 1.50 5.70 50.56 5,03 0.14 -8.29 0.30 -69.04
CHESKIMUS 50 381 7.60 0.12 2.90 5.70 50,13 5.01 0.60 -1.10 0.58 -9.16
CROW 2 135 3.90 0.04 3.00 12.80 34,62 4.16 0.34 -4.3) 0.72  -107.85
CROW 50 508 10.20 0.04 5.20 12.80 49.80 4,99 0.80 2.12 1.04 52.97
MEACHAM 1 2 75 4.80 0.06 1.60 12.80 15.63 2.80 0.51 -1.42 0.57 -23.7
MEACHAM 1 50 375 7.60 0.06 4,50 12.80 49.34 4.97 0.60 -1.05 0.91 -17.55
MEACHAM 6 2 95 5.20 0.08 1.60 14.40 18.27 3.02 0.53 -1.34 0.53 -16.73
MEACHAM 6 50 500 8.00 0.08 4,10 14.40 62.50 5.59 0.60 -1.27 0.73 -15.84
MEACHAM 7 2 95 6.00 0.13 1.40 14.00 15.83 2.81 0.63 -0.34 0.50 -2.70
MEACHAM 7 50 500 9.40 0.13 3.80 14.00 53.19 5.16 0.73 0.98 0.74 7.82
MEACHAM 9 2 95 5.30 0.13 1.50 20.00 17.92 2.99 0.54 -1.21 0.50 -9.65
MEACHAM 9 50 625 9.70 0.13 4.10 20.00 64.43 5.68 0.72 0.86 0.72 6.91
SHEEP 2 20 9.00 0.25 0.70 7.00 2.22 1.05 1.54 1.38 0.66 5,51
SHEEP 50 150 16.00 0.25 2.30 7.00 9.38 2.17 1.92 8.44 1.06 33.76
CANYON 1 2 215 11.10 0.07 2.70 12.60 19.37 3.11 1.11 4.28 0.87 61.14
CANYON 1 50 675 15.60 0.07 4.80 12.60 43.27 4.65 1.27 8.81 1.03 125.81
M CANYON 2 170 6.20 0.05 1.40 13.50 17.74 2.98 0.63 -0.33 0.47 -6.65
M CANYON 50 350 8.60 0.05 2.50 13.50 40.70 4.51 0.71 0.63 0.55 12.62
CANYON 3 2 105 6.50 0.09 2,00 9,50 16.15 2.84 0.68 0.09 0.70 1.05
CANYON 3 50 345 9,00 0.09 3.60 9,50 38.33 4.38 0.76 1.22 0.82 13.56
RUBY CREEK 2 40 5.90 0.05 1,00 8.00 6.78 1.84 0.77 0.56 0.54 11.22
RUBY CREEK 50 165 8.50 0.05 2.10 8.00 19,41 3.12 0.85 1.75 0.67 35.02
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LOCATIGN

BIG CREEK
BIG CREEX
INDIAN
INDIAN
GRAN 1
GRAN 1
GRAN 2
GRAN 2
GRAN 3
GRAN 3
SUNFLO
SUNFLO
MARK'S

MARK'S

BROWN'S
BROWN'S
LOWE
LOWE
POCP
POQP
PINE
PINE
HAIGHT
HAIGHT

CULVERT OUTLET SCOUR

FLOOD qQ vo D50 ™ WO A YE HS
FREQ CFS FPS FT FT FT SF FT FR FT TW/YE H$/050
2 230 10.80 0.19 1.80 12.00 21.30 3.26 1.05 3.92 0.55 20.65
50 725 14.70 0.19 3.40 12.00 49,32 4.97 1.16 7.66 0.68 40.32
2 185 9.60 0.15 1.60 12.00 18,27 3.10 0.96 2,83 0.57 18.85
50 £90 13.10 0.15 2.80 12.040 45.04 4.75 1.06 5.80 0.59 38.65
2 75 4.50 0.13 1.20 12.80 15.31 2.77 0.52 -1.29 0.43 ~9.95
50 290 7.20 0.13 2.30 12.80 40.28 4,49 0.60 -0.98 0.9 -7.53
2 75 4.70 0.25 1.20 13.10 15.96 2.82 0.49 -1.55 0.42 -56.21
50 250 7.10 0.25 2.20 13.10 40.85 4.52 D.59 -1.13 0.49 -4.53
2 g5 6.20 0.17 2.20 13.20 15.32 2.77 0.66 -0.10 0.79 ~0.61
50 350 5.00 0.17 4.20 13.20 38.8% 4.41 D.75 1.19 0.95 7.01
2 135 7.00 0.27 1.10 17.30 19.29 3N 0.70 0.30 0.35 1.44
50 485 10.80 0.21 2.10 17.30 44,91 4.74 0.87 3.04 0.44 14.49
2 115 3.00 0.06 1.70 18.00 38.33 4,38 0.25 -5.69 0.39 -94.89
50 600 4.80 0.06 3.70 18.00 125.00 7.91 0.30 -9.0% 0.47 ~-151.51
2 100 4.20 0.04 1.80 12.60 23.81 3.45 0.40 -2.91 0.52 -69.40
50 415 6.10 0.04 3.60 12.60 68.03 5.83 0.45 -4.08 0.62 -97.07
2 440 10.50 0.13 2.60 20.50 41.90 4.58 0.86 2.80 0.57 21.57
50 1160 74.70 0.13 3.90 20.50 78.91 6.28 1.03 7.16 0.62 55.09
2 10 8.00 0.17 0.40 4.00 1.25 a.79 1.59 1.09 0.53 6.43
50 35 11.50 0.17 1.4G 4.00 3.04 1.23 1.82 4.46 1.13 26.21
2 230 13.70 0.13 1.70 7.50 16.7% 2.90 1.42 6.79 0.59 54,29
50 580 17.10 0.13 2.80 7.50 33.92 4,12 1.48 10.50 D.58 84.03
2 190 3.10 0.06 2.10 18.20 61.29 5.54 0.23 -7.55 0.38 -125.88
50 440 3.70 0.08 3.10 18.20 118.92 7.71 0.23 -10.46 0.40 -174,30
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